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1. Introduction

This document describes operation of the General Laser Analysisand Design (GLAD) program. GLAD
may be used to analyze alarge variety of optical and laser systems. GLAD performs a complete diffraction
analysis of all aspects of a system. Optical beams are represented by complex amplitude distribution. This
method gives a much more powerful capability for analysisthan is possible with ray tracing programs. The
physical optics methods used in GLAD are essential for analyzing and designing laser systems and form
many non-laser systems where diffraction plays an important role. The physical optics description used in
GLAD and the way GLAD is organized provide great generality and flexibility so that a great diversity of
systems may be modeled. Thisis in contrast to some simple programs which only model idealized two-
mirror bare-cavity resonators of provide only very limited and/or inefficient diffraction analysis capability.

GLAD includes most types of optical components including lenses, mirrors, apertures, binary optics,
many types of gratings, beam splitters, beam combiners, Fresnel transmission and reflections losses,
polarization effects, binary optics, etc. GLAD includesagreat variety of nonlinear effects such aslaser gain,
Raman conversion, four-wave mixing, frequency doubling, thermal blooming, etc. GLAD can model amost
any type of optical resonator, including any number of elements, gain, nonlinear elements, branching, etc.

1.1 Documentation
GLAD isdocumented in several volumes:
GLAD Users Guide (guide.pdf)
GLAD Command Descriptions (commands. pdf)
GLAD Theory Manua (theory.pdf)
GLAD Examples (exampl es.pdf)

1.1.1 Using the online documentation

Adobe Acrobat Reader™ Ver. 7.0 (or higher) isrequired for viewing the *.pdf files—to be found on the
GLAD CD or available free from www.adobe.com. The Acrobat Reader provides extensive capability to
customize the view, search the document, jump to specified locations (hypertext features), and to launch
another application. The user will benefit from being familiar with the methods of setting views and
navigating in PDF documents as explained in the Acrobat Reader help documentation. Note that one can
return to the previous view with Alt < (hold down Alt and hit left arrow).

The GLAD online manuals make extensive use of hypertext links, including linking between the three
major documents. GLAD Commands, Theory, and Examples Manuals. The three documents should be
located in the same folder for proper functioning of hypertext links.

Hypertext links include:

* Jump between manuals using the blue highlighted items in the footnote on each page:

“Jump to: Theory , Examples .

» Table of contents lines highlighted in blue.

* Jump to selected page numbers. For example, you can jump to the index on page (339).

* Page numbersin the index (highlighted in blue) are linked to the respective items.

* Jump to commands (blue Courier text). Hereis an example of alink to acommand: gain.
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* Jump to chapters and sections highlighted in bluetext, for example GLAD Theory Manual, Sect. 9.4
or Example Ex95 .

e Launch GLAD to run an examplefile indicated by black text surrounded by a green box. All of the
examplesin the GLAD Examples Manual may be launched from the document. Hereis an example
that can be launched from this document [if.inp)| .

* Equations numbers, figure numbers, and table numbers (in black text) are hypertext linked to the
page displaying the item.

1.1.2 Printed versions of the manuals

Although many customers find the online manuals most convenient because of the hypertext linking,
paper copies of the GLAD Theory and Commands manual s are provided with purchase of GLAD. The color
images in the online manual are optimized to have the highest possible screen resolution and consequently
do not print well, particularly the thousands of color imagesin the GLAD Examples Manual. AOR prints a
special version of this document that has all illustrations in full color and is optimized to give excellent
results on our color printers. This printed copy of the GLAD Examples Manual may be purchased from
AOR as a separate item.

1.2 Installing GLAD

See thelast page of thismanual for instructions on installation and information about registration (344).
See the second to last page for information about the security key (343).

1.3 Using GLAD

GLAD isdesigned with the objective of building atool capable of modeling all physical opticsand laser
systems—no matter how complex. The command line format used in GLAD makes it possible to describe
either simpler or quite complex systems. The hundreds of sample command files that are provided with
GLAD (seethe examplesfolder) makeit easy to get started with GLAD. All examplesareready to run. You
can use these examples as starting templates for your own applications. If you need technical support, itis
easy and convenient to email your command file to AOR so that we can give you specific help with your
guestions.

1.3.1 Thelntegrated Design Environment (I DE)

The primary method of running GLAD is to run through the Integrated Design Environment (IDE).
From the main MS Windows menu select, Start, Programs, GLAD 5.8, GLAD IDE. A typica arrangement
of windows is shown in Fig. 1.1. When GLAD isfirst installed, Introduction to GLAD (intro.pdf) is also
brought up to help first-time users. The three windows in Fig. 1.1. consist of the Interactive Input, GLAD
Output, and Watch windows.

1.3.1.1 Interactive lnput Window

The Interactive Input window is used for entering commands line-by-line. Command files may be run
directly from the Interactive Input window (or from a command file). The GLAD editor is the preferred
method of building command files, 1.3.1.2, GladEdit (17). The GLAD Output window gives line-by-line
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a “Interactive Input: d-\glad46Y @ 'watch d\glad16 =[O x]
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Eﬁp{ Copgﬂight 1986-99 Applied Optics Research. All Rights Reserved.

GLAD IDE
Licensed to: AOR demonstration key

Date 11/17/1999 Time 11:34:05
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Fig. 1.1. Typical starting configuration after clicking on GLAD IDE. The interactive window is on the upper | eft.
Enter interactive commands into this window. Text output appears in the GLAD Out window below. The Watch
window displays and controls graphic files asthey are created by GLAD.
text output. HTML output is also provided in a separate window as related below. The Watch window
displays graphic files as they are generated by GLAD. You may position and resize these windows as you
wish. The window position and size data are stored in glad.ini located in the GLAD installation directory.
You may enter commands directly into the Interactive Input window, although for problems of any
complexity you will find it easiest to build command files. Interactive Input is useful for diagnostics (such
as energy) and graphical displays. Fig. 1.2 shows the result of entering the command energy into the
Interactive Input window. The result of the command is given in GLAD Output window. The energy
command gives the total power in the array. Fig. 1.3 shows the command read/disk simple.inp
being entered into the Interactive input window. All GLAD commands can be abbreviated to the level of
uniqueness. The command rea/d simple. inp will work aswell asthe fully expanded version.
The Interactive Input window has the menu items: GladEdit, Controls, Demo, and Help.

1.3.1.2 GladEdit

GladEdit is the center point of most GLAD activities. Select GladEdit from the Interactive Input
window to start the Glad Editor. Fig. 1.4 illustrates the opened GladEdit window. Use File to open a
command file. As shown in Fig. 1.4, the command file simple.inp has already been opened. Most GLAD
command files have the “*.INP” file extension. The INP extension is registered in the Windows Registry.
GLAD may be launched by clicking on any file with the INP extension from Windows Explorer.

The file may be edited in the usual way. Selecting Init-Run, will save the edit file, reinitialize GLAD,
and runthefile (see Fig. 1.4). The Run menu item will save the edit file and run without reinitialization. Full
detail s of the operation of GladEdit will be found under itsown Help icon. Thefolder examples (C:\program
files\aor\glad57\examples) contains the hundreds of examples that are distributed with GLAD. These pre-
built examples may be used as a starting point for new projects.
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a” Interactive Input: D:yglad46Y M= E | aich Dt alad4e I =] 3
GladEdit Controls Demo  Help File  About Help
]
cmd> energy L
cmd? ]

3 GLAD Output: GLADOUT.TXT =[O <]
File Edit Search Font. AutoScroll Help

Welcome to GLAD/95/98/NT Uer. 4.6.0
Copyright 1986-99 Applied Optics Research. All Rights Reserved.

Licensed to: AOR demonstration key
Date 11/11/1999 Time 14:16:40

beam no. power (W) photons/sec attribute
1 4096.00 2.185716E+23 1 beam

L

] v

Fig. 1.2. Entering the command energy into the interactive window causes GLAD to list the current integral of
irradiance over the array.

a "Interactive Input: D:\glad46\ =101 ]
GladEdit Controls Demo  Help
Welcome to GLAD for Windows ii

cmd? read/disk simple.inp

=l

Fig. 1.3. Command files may be entered directly in the Interactive Input window. read/disk will read ssimple.inp
and execute the commands as they are read.

From Fig. 1.4, we see that executing simple.inp has created text output in GLAD Output window and a
plot file in a new window. The plot name plotl.plt is listed the Watch window. See section, 1.3.2, Watch
(23). Many styles of plot are available with the plot command. The plot size and position may be
controlled by manipulating the window with the mouse, or preset when the plot is generated by GLAD (see
the plot /watch command).

GladEdit may be run in text mode or rich text mode (RTF). Originally all GLAD command files were
created in plain text. The new RTF mode allows the text to be formatted with color and different fonts. See
Fig. 1.5. Figures (including eguation figures drawn in MathType or similar program) and hypertext links to
manual pages. The RTF features may be used to improve the readability of aGLAD command file. The RTF
features do not affect operation of GLAD. They are stripped to simple text by making a text file with the
same root name before processing. Text files and RTF files are indicated by “TXT” or “RTF in the lower
left hand corner of the edit window. One can transfer from text to RTF by using SaveAs and selecting the
file type as RTF. Reload the saved file to set the edit buffer. Similarly one can transfer from RTF to text by
using Save Asand selecting filetype TXT and rel oading the saved file to reset the edit buffer. See ex1b.inp
for asimple example of an RTF command file.

Figure 1.6 shows some special features of the GladEdit window. Formatting isdone similarly to the MS
Wordpad editor. The three menu items: Init-Run, Run, and Controls are unique to GLAD. Init-Run is the
primary method of running aGLAD command file. It saves, initializes and runsthefilein the editor buffer.
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Fig. 1.4. To create acommand file or open an existing file, select GladEdit from the menu bar of the Interactive Input
window. A version of GladEdit will be selected. Use File to open an existing command file. In this case, smple.inp
was opened. Thisfile may be edited. Use Init-Run to reinitialize and run GLAD.

Run saves and runs the command file but does not reinitialize. This can be useful if part of the command
seguenceis contained in asecondary fileto be run after the primary filethat isrun by Init-Run. The Controls
menu item gives access to the break controls and single step operation. Command files can be either in plain
text (TXT) or rich text format (RTF) — both under the file extension INP. The current file typein the editor
buffer isindicated by TXT or RTF as shown in Fig. 1.6. The line and column of the caret position (often
incorrectly called the cursor) are also indicated on the bottom of the editor window. GLAD displaystheline
number with the report of execution error.

Hyperlinks may be created from “Insert” on the GladEdit menu. Any GLAD command may be included
in ahyperlink. The command is executed when the hyperlink isdouble clicked. A hyperlink is created from
the menu of GladEdit from Insert, Hyperlink. Among the most useful commands are manual that can
launch and control Adobe PDF documents and system that can run other applications and launch
documents.

PDF documents may be opened to a named destination or page number using the manual command.
Examples of hyperlinksinclude:

manual/destination ‘commands.pdf energy’
manual/page ‘commands.pdf 2527

manual /dest ‘d:\\temp\\temp.pdf’
gsystem/launch ‘d:\\temp\\temp.doc’

In the first example, “energy” is the named destination in the PDF document for the energy command.
In the second example, “ 252 indicates the page number of the PDF document to be displayed. Single quotes
arerequired if the string contains blanks. Hyperlinks require the use of double back slashesto represent the
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cH# gaus_rtf.inp <———————— text formatting done by user

c

¢ This example illustrates some of the rich text format (RTF) capability.

c

¢ Here is an example of an embedded picture that shows a gaussian beam.

Ariel typeface

xxxxx

WMEF picture embedded in

/ command file

-arEa

c
¢ Here is an example of an equation made in MathType an inserted as
c an embedded WMF file. equation as embedded WMF file

2 2 &P
x+ 4‘//// ;
a(x,y) = [ kflu eXle ( p 2y J ] hyperlink opens page

from commands.pdf

¢ Here is a hyperlink reference to a manual page for the gaussian command

variable/dec/integer Pass
array/s 1 64
macro/def step/o
Pass = Pass + 1
gaus/c/c 1 1 [10 + P

plot/1 1; pa/

macro/end

macro/run step/4
Fig. 1.5. Exampleof rich text (RTF) format command file. The user may select font, color, and other text formatting.
Pictures may be embedded. Here we have aWMF file generated by GLAD and an equation generated by MathType
5® asaWMF file. A hyperlink command is shown that calls the command manual/destination
commands .pdf gaussian. Double clicking the hyperlink will start the Adobe Acrobat Reader on the page
describing the gaussian command. GLAD creates atext “shadow” filewith file extension “txt” and reads commands
from the shadow file. Dynamic highlighting under the control of the TraceBack window indicates the executing line.
back dlashes character used in file paths. See the manual commands for a complete description of the
named destinations that may be used in GLAD documents and the system command for information on
executing applications and launching documents. Hyperlinks can not be edited. To change a hyperlink,
delete it and recreate it.

The default type face for the Glad editor is “FixedSys’ and the default point size is 12 points. These

defaults may be changed by modifying the file glad.ini to be found in the installation folder. In glad.ini,
change GladEditFontName and GladEditFontHeight to the desired default values for typeface name and

font size.

text formatting done by user

Courier typeface

1.3.1.3 Command Composer

The Command Composer is used for both parsing and composing GLAD command lines. It is
accessible from GladEdit by either clicking with the right mouse button (“right clicking™) or selecting
“Controls’, “Command Composer” from the menu of the GladEdit window. Once activated, the Command
Composer will dynamically parse command lines in GladEdit as the cursor is moved up or down to select
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full file name Save, run
\ Save, initialize, run
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NSHER[ o [Apda ( |HE breakiset
SingleStep break /continue
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enerdy

strehl

NS T \Row: 2 Line: 2 cal: 7 =
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\ File type: TXT or RTF cursor position

Insert or overwrite mode: INS or OT

Fig. 1.6. Thetitle of the GladEdit window shows the full file name. “Init-Run” is the primary method of starting
execution of acommand file. “Run” starts without reinitializing GLAD. The “Controls’ menu item gives access to
the “break” controls and single step operation. “TXT” indicates the command file isin plain text format. “RTF”
indicates rich text format is being used. The line and column number of the position of the cursor (more correctly
called the caret). Formatting is very similar to MS WordPad and is described in the associated help file.

different lines in the GladEdit window. Only a single command per line can be parsed: line continuations
and multiple commands per line can not be parsed.

Fig. 1.7 illustrates a representative command file and Composer window. The red up-down arrow
indicates that commands are automatically parsed in real-time as different lines are sel ected. The commands
and modifiers are parsed into a tree structure, keywords are parsed into individual edit boxes. Strings and
parameters are parsed into edit boxes with modifier trees (where appropriate). Each element has atool tip
giving the definition in an immediate and convenient manner. As shown, the red hand indicates the cursor
position and is portrayed in Fig. 1.7 as pointing to “kbeam”. The associated tool tip pops up with the
definition. In this case, “Single beam number”. All parsed elements including the command/modifier and
parameter/modifier tree elements are equipped with tool tips. The “Manua” button opens the GLAD
Commands Manual to the specific page for the selected command.

The commands are organized into groups (as indicated at the top right hand position on each page of
the GLAD Commands Manual) to make selection between commands easier. The “ Search” button allows
commands to be searched by name allowing abbreviated entries and wild cards.

The Composer may be used to modify acommand line or create anew line. The line may be built using
the tree structure controls and edit windows. The parse line is automatically updated to follow the edit
control selections and entries. The Composer helps greatly by providing the correct syntactical structure for
each command/modifier selection. The toal tip definitions provide immediate and convenient hints for all
commands, modifiers, keywords, strings, and parameters.

The command line may also be modified by directly typing into GladEdit line or the parse line window.
When typing into the parse line window, use [enter] to activate reparsing.
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Fig. 1.7. The Command Composer provides automatic and real-time parsing of command lines from a GladEdit
window. It also may be used to edit and create command lines using the convenient “control” elements:
command/maodifier tree structure, keyword edit boxes, parameter/modifier structures, etc. The red up-down arrow
indicates that one may scan through the command file with the Composer automatically responding in real-time.
Definition of al elements are provided by “tool tips’ which are activated when the cursor (shown asared hand) is
placed over an element (in this case “kbeam”). The Manual button brings up the Commands Manual at the particular
page. One may create new lines by using the various controls. Alternately, one may also type new or modified lines
directly into the parse line at the top of the Compose screen. Use [enter] to cause the line to be reparsed. One may
also type changes into the GladEdit window with automatic reparsing if the line. “Insert” places the parse line data
into a new line above the current selection. “Replace” replaces the selected editor line with the parse line. The hash
symbol “#" is used for hash-style comments.

Use “Insert” to enter the parse line in anew line above the current selection. Use “Replace” to replace

the currently selected line with the contents of the parse line.

1.3.1.4 Controls

Controls is the second menu item on Interactive Input. Fig. 1.8. You may set the default folder that
GLAD works from as well as a number of other operationsincluding starting the HTML viewer. Note that
the current working folder is displayed in the title of Interactive Input window. These controls are explained
in the Help icon for the Interactive Input window.

1.3.1.5 IDE Demo

Demo is the third menu item. The associated drop down menu is shown in Fig. 1.9. You can play the
nine prearranged demo programs to get a quick look at some of the types of calculations that GLAD does.
A special manual isincluded to describe these demo examples: demo.pdf.
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Welcome Setdefaultfolder Hobrg title displays ii
Interrupt GLAD .
cmd? | EestatGLAD current working
i D folder
. HTMLViewer |

MessageBox Pause
MessageBox Erar
Traceback Window
Lag v

Exit

Fig. 1.8. The Controls menu item allows selection of a number of operations. See section, Help (41), for adetailed
explanation. Use “ Set default folder” to select the folder for GLAD to work from. The current working folder is
displayed in the title of this window.

u " Interactive Input: D:\glad46\ =] 3
GladEdit Controls Help
Welcome to GLI| Stat |indows ii
Skip
cmd? Cluit
=

Fig. 1.9. The Demo menu item runs preselected examples. Select Start to begin the demo, Skip to skip to the next
example, and Quit to end the demonstration. See Demo.pdf intheinstallation folder for adescription of the examples.

1.3.1.6 IDE Help

Help is the fourth menu item of Interactive Input. Fig. 1.10 shows the corresponding drop down m
menu. IDE.HLP isthe Windows help file for the IDE. The various PDF file give detail ed information about
the commands, theory, examples, and introductory materials. Up-to-date versions of the PDF version of the
manual s are maintained on the AOR web site www.aor.com.

u " Interactive Input: D:\glad46\ =] 3
GladEdit Controls  Demo
Welcome to GLAD for IDE Help ii
Intracluction (Acrobat * pf)
cmd? I Demo hManual (Acrobat* pef)
Comrmands Manual (Acrobat * pdf)
Examples Manual (Acrobat* pdf) =
Theory Manual (Acrobat* pdf)
GladHelp itext search)
Copyright

Fig. 1.10. IDE Help gives specific information about operating GLAD IDE. Details about the commands, examples,
and theory are in the respective PDF files, viewed with the Adobe Acrobat Reader.

1.3.2 Watch

Watch is an independent program that runs in parallel with GLAD. Watch performs the work of
displaying files as they are created by GLAD, so that GLAD does not have to wait for the graphic tasks to
be completed. You may run Watch independently of GLAD to recreate the last display. Click on the Watch
icon: yellow smile face.Watch may also be used to view other plot files (*.PLT) that have previously been
created. Refer to the Help icon from the Watch menu.
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Fig. 1.11. After running simple.inp by selecting Init-Run, agraphic file is displayed and “pause?’ in the interactive
input window. Thispause command was written into simple.inp to require a response from the user before
proceeding. Put the cursor into the Interactive Input window hit Enter to continue. Note the plot name plotl.pltin the
Watch window.

GLAD passesthe plot names and other necessary information through the file watch.dat. When running
Watch separately, it is sometimes useful to edit watch.dat directly to set up a collection of files to view.
Whenever watch.dat is saved, Watch will update the display accordingly. The PLT file extension is defined
in the Windows Registry. Clicking on aPLT file will cause Watch to start and display the file. Note that the
current working folder of Watch is displayed in the title of the Watch window. The folder used by Watch
may be changed from its menu controls via File, Set Folder.

The plot size and position may be controlled by manipulating the window with the mouse, or preset
when the plot is generated by GLAD (see the plot /watch command).

1.3.3 Traceback Window

GLAD includes a traceback window that displays the line number of the various input command files
and macros as well as the macro iteration number. The tracking window may be turned on or off from IDE,
Controls. See Fig. 1.5.

1.3.4 Highlighting sourcetext lines

This feature was deleted at Ver. 5.2 and other measures have been implemented for source code line
tracking that require less computational overhead. Improved line number tracking has been made in the
Traceback window, the 1 ine command has been added to record the current line number during execution,
and the echo command now provides the source line number in the output window as commands are
executed.
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1.3.5 Variable monitor window

The variable monitor window provides a real-time display of specified variables and their values,
making it easier to see critical information than with the streaming text output displayed in the GLAD
Ouptut window (Fig. 1.12). The variables to be displayed are set with variable/monitor/add.
Variables must be declared before they can be added to the displayed list. During command file execution
or at the end of execution variables may be added or deleted from the display list. See Fig. 1.12 for more
details. Also, see the variables command and jmonitor.inp|. The Variable Monitor window may be
shown or hidden through “Controls’ on the menu of the Interactive Input Window.

activate Change Change dialog box active
/ dialog box

i / =13

Change Variable Minitor,

Current Digplayed Yariables Taotal Available Y ariables
LoopCounter 400 Initialalue o
InitialValue 1.234 tDEﬂ g‘fﬂliame M oeve Right E
. ooplounter
ariable 201.234 Yariable Initial alue
ariableSquared A0495.1 YariableSquared Logl O ariable
. LoopCounter
Log10¥ariable 2.3037 pi
Move Left ‘ariable
WanableSquared

Variable monitor window is Ver
automatically refreshed in real-time.

0k

Fig. 1.12. The variable monitor provides a display of selected variablesin real time making it easy to observe key
aspects of the calculation. The variables to be displayed are selected in the command file with the
variable/monitor/add andisreset each timethe command fileisrun with “Init/Run”. With Ver. 4.9, the user
may add to delete variables from the displayed list using the “Change” dialog box — shown in its expanded mode.
To add avariableto the displayed list, select form the list of all defined variablesin “Total Available Variables’ and
use “MoveL eft”. To delete avariable, select one of the variables from “ Current Displayed Variables” and use
“MoveRight”. Seethe variable command for details. Also seethe help file on the menu of the Variable Monitor
window.

1.3.6 HTML output

Output may be written in HTML format. See the command html . The HTMLfile will be started
automatically in the user’s default browser. This has been tested with Internet Explorer, Firefox, and Corel.
Output isin the form of text, tables, and plots. Fig. 1.13 shows asimple HTML file.

Tableitems have tooltips (popup definitions) that provide definitions when the mouse is placed over the
item. This action is called a mouse-over. The output line information is placed below the source line and
dynamically and automatically updated, so that the user may easily see the program progress through a
macro. Output information may optionally be hidden or displayed with the “[-]" and “[+]” controls.
Graphics are displayed at the output information at the point they are generated. The new scalable vector
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| Polling ON (click to stop) Q [HTML line: 33 |[Timer: 98 sec || Hide output |
First time notes polling on/off control tooltip definition

3 (1) [ lhtml/location/off
4 (2)[ ]lset/definitions/on
5 (3) [-]wavelength/list . . .
Wavelength List The index of refraction for the extraordinary ray.
o. | Vacuum ” Medium || Index || E-index |
1| 1.0600E+01|[ 1.0600E+01][ 1.0000]| 1.0000]
[+]Definitions cursor on item
6 (4) [ lmacro/define/single test
output 7 (29)[ ] html/stop
i 8 (6)[ 1 count = count 1
display 2 - e angle bracket controls select between
hid 9 W[ ] phase/random/sqr/clap 1 .1 5 .
or mde 10 @] ] html/start plot versions: 1, 2, 3,4, 5
COHthlS 11 (30) [-] plot/liso/wavefront 1
[+]or[-]
plotl.plt, ver. 5, PL ~"Wed Feb 27 01:51:28 2008, 3653
[-]plotl.<5>.plt (Expand) <ef—r select “expand” to double graphic size
high resolution SVG graphics made in-place
below source line and automatically updated
source
line
number o
plotLplt PLOT 5, Sat
12 (31)[ ] pavee 2 output line number.
13 (32) [ lmacro/end o4 .
Red indicates current output line
14 (12) [ ac est/5
(33)

-
5
W

3) [-Tread/back/noclose # issued by GLAD for an end-of-file condition

read/back issued from open file: F:\fpsnt\glad\53\html5.inp

Fig. 1.13. An HTML page is shown. Both source and output lines appear in proper sequence. In macros, hew output
lines from the same source line are automatically and dynamically replaced. The souce line 15 is shown with output
line 33, highlighted red because it is current. Tooltips are provided to provide a popup definition when the mouse
cursor isplaced over theitem. See“E-index” at the upper right. Output information may be hidden by selecting “[ - 1"
(less) or displayed by “[+]” (more). Multiple versions of plots having the same name are retained. Earlier version
may be displayed with the angle bracket controls “<* and “>" when shown in blue.

graphics (SVG) arethe default plot format for HTML graphics. The SV G graphics may be scaled to double
size or hidden. See Fig. 1.14 for an illustration of an SV G file that has been expanded to double size.

Most tables now have definitions of all terms that may be activated by set /definitions/on. See
Fig. 1.15

When the same plot name is used multiple times each version is saved. By default the most recent vers.
ion isdisplayed but the user may select any version using the “<* and “>" controlsin the HTML plot name.
See Fig. 1.16. Note that the graphic in Fig. 1.13 with version 5 is dightly different from Fig. 1.16 with
version 3.

A display/hide control is provided for the output for all commands. See Fig. 1.17. Hiding all output
makes it easier to concentrate on the source line structure.
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9 (7)[ 1 phase/random/sgr/clap 1 .1 5
10 (8) [ ] html/start Double size SVG grahphic after “expand”.
11 (30) [-] plot/liso/wavefront 1
plotl.plt, ver. 5, PLOT 5, Wed Feb 27 01:51:28 2008, 3653
Use “shrink” to return to original size.
[-]plotl.<5>.plt (Shrink) <l——"

beam 1
max 7.12E-01
min  -7,38E-01

x= 3.10E+01

y= 3.10E+01

y=-3.10E+01 x=-3.20E+01

plotl.pit PLOT 5, Wed Feb 27 01:51:28 2008, 3653
12 (31)[ 1 pause 2
13 (32) [ lmacro/end
14 (12) [ lmacro/run test/5

Fig. 1.14. The SV G graphics may be expanded by clicking on “expand” in the plot name. The graphic doublesinsize
and “expand” is changed to “shrink”. Click on “shrink” to return the graphic to the original size. The graphic may
be hidden with “[-]” or redisplayed with “[+]”. Multiple versions of plots having the same name areretained. Earlier
version may be displayed with the angle bracket controls“<* and “>" when shown in blue. In this case the left angle
bracket is blue and the version is 5 indicating version 4 may be selected with “<*.

Optionally the user may use / locat ion to causethe browser to keep the current line (along with other
choice) in view as the output lines are generated. The browser view may be “refreshed” but the “back”
control of the browser does not work on this type of dynamically generated HTML files.)

1.3.7 Running GLAD asa console program

You may run GLAD as a console program separately from the IDE. Thisis quite useful where GLAD
is to be called from another program to process a command file. The console version of GLAD is named
GLAD.EXE. This program is actually a true windows program based on the WIN32 protocol but has an
input-output window that has the simple appearance of an old DOS program, see Fig. 1.18.

GLADE.EXE may be started in three ways:

* Sdlect “Console style GLAD” from the GLAD 5.8 group.
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|Term || Definition
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Medium Wavelength in the medium.
|Index The index of refraction at the specified wavelength.
|E7index ||The index of refraction for the extraordinary ray.

[ Imacro/define/single test
)L 1 html/stop

] count = count + 1

<9 o [N s
=2

] phase/random/sqgr/clap 1 .1 5
[ 1 html/start

plot/liso/wavefront 1

- o | [0

,_.
R o
w |
o =

plotl.plt, ver. 5, PLOT 5, Wed Feb 27 01:51:28 2008, 3653

[-1plotl.<5>.plt (Expand)

Fig. 1.15. set /definitions/on will cause definitions to be output. In HTML the definitions are output in
hidden form but may be displayed with “[+]” (more) and compressed with “[-]” (less).

* Fromthe MSWindows menu select, Start, Run and enter C:\program files\aor\glad57\glad.exe. You
may add afile name as a command line argument, e.g., “C:\program files\aor\glad57\glad.exe
simple.inp”. GLAD will begin running the indicated command file.

* From aDOS Command window enter “cd C:\program files\aor\glad57” to select the GLAD
distribution directory. Enter “glad” to start GLAD. You may also specify acommand fileasa
command line argument, e.9. “glad simple.inp”.

The console form of GLAD uses asingle screen for input and output commands. This mode is dlightly
faster because no interprocess connections are required. When you run GLAD separately, Watch will start
automatically asindicated in Fig. 1.18. Almost all GLAD and Watch features are accessible from the GLAD
command line. Some of the Controlsfrom the IDE are not avail able. Use Ctl-C typed into the dial og window
to interrupt GLAD if necessary. The command set / folder will change the working folder.

1.3.8 Making avideo

Use commonly available commercial screen capture software to capture a series of plotsin one of the
Watch.exe windowsto form a*.AVI or * WMVfile. See Fig. 1.19 for an example of 200 instances of time-
evolving atmospheric aberration.
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Fig. 1.16. A control in the plot name allows the user to display earlier versions. In this figure the final versionis5
but the display is showing version 3 which will be seen to be dlightly different (Fig. 1.13). The blue angle brackets
indicate alower or higher version exists and may be used to shift lower or higher.
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All output may be hidden or redis-
played at one time with this control.
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retained)

 output hidden with “[-]”
» redisplay with “[+]”

# issued by GLAD for an end-of-file condition

Fig. 1.17. Hiding the command output may makes a“top level” view of commands possible. The output from all
commands may be hidden with “[-]” and redisplayed with displayed with “[+]”. All output may be compressed with
the special hide/restore control (hand settings are not changed).
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plotl.plt ‘

"GLAD Console
Beam Array Dimensions and Disk Files

I GLAD 1: plot]_plht -

Style Camera Data [dagnifien

select

GLADEdit Beam No. Nx Ny
scrat(-1) 512 512
o512 51z initial distribution
Beam No. wvacuum medium

1 1.060000 1.060000

beam no. wunitsx unitsy

fieldx fieldy
1 6.2500000E-02 6.250004 q-

1 16.00000

CHG UNIT CHG UNIT
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1 Nololclo] .0000 Bkl intensity, Beam 1
z-scale 1.000000, xy-scale 1.000000

PLOT 1, Wed Nov 24 23:33:38 1999, 1001

plotl.plt, ver. 1,
pause?

Fig. 1.18. Console form of GLAD. As shown, the main dialog window has white letters on black background. It has
both input and out commands interspersed. GladEdit may be started from the main GLAD window as indicated

above.

ex122a.avi

Fig. 1.19. A movie consisting of 200 images showing progression of atmospheric turbulence without a cross wind.

The images were displayed in a Watch window and captured using commercial screen capture software. Thefile
ex122a.avi should be present in the installation folder. Click on the phrase “ex122a.avi” in the picture above.

1.4 Command Language
The command language incorporates a powerful macro capability, similar to user-defined subroutines

or functions. The macro capability allows amost any type of optical resonator to be defined A no matter
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how complex. The macro capability also isthe basisfor GLAD's system optimization capability with which
and combination of system features may be optimized to achieve user-defined performance targets. The
command language includes a powerful capability to define variables and use mathematical expressionsthat
greatly facilitates use of the program.

An on-line help capability is included to provide quick look-up of command descriptions. The HELP
program may be used to look up commands by category, by name, or by for a specific command by
including the work help on the input line. GLAD will also prompt interactively for user input.

1.4.1 Datalnput Lines

Input consists of a series of command lines. Input lines may be entered as discrete physical lines
separated by a carriage return (JCR]) or data lines may be entered together in a single physical line by
separating the lines with a semicolon and ending the input stream with a carriage return. macro and read
commands can not be followed by a semicolon

(linel) [CR]
(1line2) [CR]
(line3) [CR]

or

linel; line2; line3 [CR]

Input lines may be written on more than one physical line by using the ampersand as a continuation
mark at the end of the input line.

(first part of line) &[CR]
(second part of line) &[CR]
(third part of line) [CR]

1.4.2 Command Parsing
The GLAD input lineis one of four types:

Table. 1.1. The four types of lines.

Input linetype Example

command line units/set 1 1

conditional line if [x==y] statusorif x=y status
assignment X =X + 30rx = x + 3 list
comment Cc some comment

Conditional lines may contain mathematical expressions in brackets. If the math expression evaluates
to zero, thelogical valueisfalse. Evaluation to any non-zero valueyieldsthelogical value of true. A limited
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number of rational expressions may be written in the non-bracket form, but the mathematical expressions
are more powerful and the recommended approach.

Assignment lines may take the parameter 11ist to cause adisplay of the result.

The command lineis of the form:

command/modl/mod2/mod3 string values parameters

Commands and their modifiers must be on the left, followed by strings, values, and parametersin that order,
if required. Fields are separated by one or more blanks.

Table. 1.2. Elements of the command line.

Command line component Description

command Defines function to be used.
mod1, mod2, mod3 Modifiers of the command line to direct operations of the function.
string A string of charactersto define atitle, filename, macro name, lens name,

system commands, etc. Strings have no preassigned values. File names
should be enclosed in single quotes if they contain slashes, “ /", or other
special characters. Some strings have modifiers as do commands.
Variables may beincluded in stringsif preceded by the“ @” symbol.

values Variables, numbers, mathematical expressions, or numerical assignments.
parameters Parameters are similar to commands but are on the right end of the

command line, after values. Parameters are checked against the list of
preassigned values. Variables and expressions may be included in
parameters names and their modifier names. Optional parameters are
listed in brackets in the command descriptions. Literal parameter names
arelisted in typewrite font (Courier). Reference to the first or second
parameter are shown in parentheses and in a proportional font (Times
Roman). Neither the brackets nor the parentheses shown in the listing of
parameters should not be entered.

1.4.2.1 Command lines and assignment lines

The command line and modifiers establish the operation to be performed. Command line parsing
proceeds as follows:

* read command and modifiers from the left and transfer control to the appropriate routine

* look for parameters on the right that match the parameter list for that command.

* evaluate mathematical expressions in square brackets, right to left

* Aliasand variable substitution

* string extraction.

* numbersin order of occurrence

* command assignment with an equal sign (lvalue = rvalue)

Numerical values take the form of numbers, variables, mathematical expressions (which are evaluated
to numbers and numerical assignments.
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Table. 1.3. Various forms of numerica values.

Numerical Values Description Examples
numbers Integers, real numbers, and complex 1.23456, 1.23e+10, 1431,
numbers may be entered in ssimple 1.3mm

decimal form or using scientific
notations entered in order. Use“€” to
designate an exponent and “i” to
designate the imaginary part of a
complex constant. “1i” is square root of
-1

Units of length are in centimeters.
Numbers corresponding to length may
have“mm” (millimeters), “in” (inches),
“ft” (feet), “mi” (microns), “nm”
(nanometers), “km” (kilometers), or
“m” (meters) appended to cause
appropriate scaling to centimeters.

For example “1.3mm” is converted to

0.13cm.
variables Names consisting of nomorethan 20 |x, y, Peak, Pass_Counter,
characters which may be used in energys$?2

mathematical expressions. Allowed
charactersinclude A-Z, a-z, , and $.

command value Ivalue=rvalueform, wherelvalueisone |units ibeams=1 xunit=2.5
assignments of thelist of names of the for the
numerical values of the specific
command.
mathematical Expressions containing spacesmust be |x = 2.*sin(2.*pi*y/period)
expressions enclosed in square brackets, [ ], except |pass = pass+1
in assignment lines. IF statements min (3.4, x, z)
require brackets for mathematical x==12.3+2.5e3
expressions. A mathematical units 1 xunit=z=z+1
expressionsusedincommand lineswith lunits 1 [z=z+1]
postional assignment must also be units 1 xunit=[z = z + 1]
enclosed in brackets. if [z==x] status

Numbers may be written as integers (no decimal point), floating point numbers (with adecimal point),
or in scientific notation using “e”. For example, 12,300 may beexpressedas1.23e4.pi, e, h,c,and Ver
(version number, e.g., 58.0) are predefined constants that may be used in any expression.

Variables may be used wherever a number may be used. Variables and mathematical expressions are a
great convenience and adds to the reliability and readability of GLAD command decks. Variables may be
of either real (default) or integer (see variables /declare type. A new variable name will be
recognized, and automatically declared asareal variable, thefirst timeit appears on the left side of an equal
sign (an lvalue). Variables will also be automatically declared by the variables /parameter and
table commands, unless set /strict/on has been invoked.
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Usevariables /declare/integer prior to the first use of variable to establish it as an integer.
If avariable appearson theright side of an equal sign (rvalue) before it has been declared, GLAD will report
an error condition. Variable names may include the characters A-Z, az, _and $. The variable names must
be written in exact form. “pi” has apreassigned value. Other preassigned constants are “c” speed of light,
“e" natural logarithm constant, “h” Plank's constant, and “ver” for version number (for example 58.1 is
version 5.8.1. These constants may be reassigned in the command file, so it isbest to use caution. Real-time
display of selected variables may be done with the variable monitor window, Sect. 1.3.5.

M athematical expressions may be used asrvaluesin command line assignments, in parameters and their
modifiers, in strings, and in assignments. Mathematical expressions may always be enclosed in square
brackets“ [1”. Math expressions are not required in assignment lines. Assignment lines are equations, that
appear on a line with no commands. Math expression in command lines do not need to be enclosed in
brackets if there are no internal spaces. The exceptions are: 1) math expressions in |F statements must be
enclosed in brackets; and 2) in command lines using assignment by position variable assignments in math
expressions must be enclosed in brackets.

if [2z==0] energy/norm 1 1 (brackets are required in | F statement)
units 1 [a=a+l] (brackets are required for math assignment
with postional assignment of command values)

The last sample code line is specifying the command value by position. Without brackets the expression
h=h+1 would be interpreted as an lvalue-rvalue assignment and would fail ash isnot avalid lvalue for this
command. A math assignment without internal spaces may be used without brackets in an Ivalue-rvalue
form:

units 1 xunit=a=a+l (no brackets required if no spaces and
Ivalue-rvalue form of command assignment)

Mathematical expressions may use any of the functions defined in Table 1.4 or the operators in Table
15.

Table. 1.4. Functions which may be used in GLAD expressions.

Function Description

abs (a) Absolute value.

acos (a) Arc cosinein radians.
acosd(a) Arc cosinein degrees.
asin(a) Arc sinein radians.
asind(a) Arc sinein degrees.

atan (a) Arc tangent in radians.
atand(a) Arc tangent in degrees.
atan2 (a,b) Arc tangent of a/b in radians.
atan2d(a,b) Arc tangent of a /b in degrees.
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Table. 1.4. Functions which may be used in GLAD expressions. (Continued)

Function

Description (Continued)

ceil (a)

Round upward to nearest integer.

cmul r(ar,ai,br,bi)

Return real component of complex multiplication of “&a’ times*“b”.

cmul i(ar,ai,br,bi)

Return imaginary component of complex multiplication of “a’ times“b”.

cdiv _r(ar,ai,br,bi)

Return real component of complex division of “a” divided by “b”.

cdiv_i(ar,ai,br,bi)

Return imaginary component of complex division of “a” divided by “b”.

cexp_r(ar,ai)

Return real component of complex exponent of “a”.

cexp if(ar,ai)

Return imaginary component of complex exponent of “&’.

cos (a) Cosine of the argument in radians.

cosd (a) Cosine of the argument in degrees.

cosh (a) Hyperbolic cosine of the argument in radians
exp (a) e®, samease’a

expl0(a) power of 10, same as 10%, same as 10”a
floor (a) Round downward to nearest integer.

gauss (a,b,c,d)

supergaussian function, exp{—[(a - b)/c]Zd}

line () Returns the number of the source code line.

log(a) Natural logarithm.

loglo0 (a) L ogarithm base 10.

max(a,b,...) Maximum of any number of comma-delimited numbers.
min(a,b,...) Minimum of any number of comma-delimited numbers.
mod (a, b) a modulo b.

pi Inserts the value of .

power (a,b)

b A
a ,sameasa’b.

rand ()

Returns arandom number. Takes no argument. See srand ().

ramp (a, b, c)

Ramp function.

sin(a) Sine of the argument in radians.
sind(a) Sine of the argument in degrees.
sinh (a) Hyperbolic sine of the argument in radians.
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Table. 1.4. Functions which may be used in GLAD expressions. (Continued)

Function Description (Continued)

srand (a) Set random number with integer value a. Returns 0. See rand () . Returns
value of previous seed.

sgrt (a) Square root.

step(a,b) Step function: 1if a > b, 0 otherwise.

tan (a) Tangent of the argument in radians.

tand (a) Tangent of the argument in degrees.

tanh (a) Hyperbolic tangent if the argument in radians.

time () Number of seconds since January 1, 1970 GMT.

udata (a,b)

Udata value for row = a and column = b (a = 0 gives x-vaues).

Table. 1.5. Operators which may be used in GLAD expressions, in descending order of precedence.

Function Description

() Parentheses.

+, - Unary positive and negative sign. Examples: +3 .2, -x.
~ Exponent (raise to power).

* /% Multiply, divide, remainder.

1= |Not operator (negation), greater, lesser, greater or equal, less or equal,

or, and, equal, not equal.

Assignment.

Command line assignments are similar in form to variable assignments: both have the form lvalue =
rvalue. However, for command line assignments the lvalues have specific names for each command. The
names of the lvalues for numerical assignments may be truncated, provided the truncated form is unique
among the list of numerical assignment names for the particular command-modifier sequence. Lvalues may

contain variables or aliases preceded by @).

Examples:

Consider theunits command that gives the pixel-to-pixel spacing:

units ibeams xunit yunit

The following command lines are valid:

x = sin(pi/2)list

units 1 [y"2] [y=x+1.

units
units

units
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1 xunit=y*2 yunit=y=x+1.5
1 x=y"2 y=y=x+1.5

units 1 [x = y™2] y =
1x=vy"2y =y=x+1.5

[y = x+1.5]

1, (assignment line needs no brackets)

(2, command assignment by position with math expressions
(3, command line assignments)

(4, abbreviated lvalues)

(5, spaces require brackets)

(6, expressions without spaces, no brackets required)
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Inthefirst ling, X is recognized as a variable name and is assigned the value 1.0.

In the second line, math expressions are used to assign xunit values and yunit values by position.
Since processing proceeds from right to left, y=x+1 . 5 isprocessed first. y isrecognized as anew variable
name and assigned the value 2.5. set/strict/off may be used to prevent such on-the-fly definitions
of new variables. The second mathematical expression y*2 uses the variable y, as just established on the
same line to the right, and the expression takes the value 6.25 for the xunit assignment.

In the third line, the predefined values xunit and yunit are used in the lvalue-rvalue form of
assignment (left value equals right value). If the Ivalue-rvalue form is used, the assignments may be made
inany order ontheline. In general, math expressions used in command lines should be enclosed in brackets,
but brackets may be dropped if there are no spaces in the math expression. See|brackets.inp| included with
the examplefiles.

In the fourth line, the full name of the Ivalues are abbreviated from xunit to x and from yunit toy.
The numerical assignment x=y "2 is recognized as an abbreviated form of xunit=y*2. Thelvalue y on
thefar left of y=y=x+1 .5 isrecognized as an abbreviated form of the numerical assignment nameyunit
and the value 2.5 is assigned to it.

In the fifth line spaces are included in the math expressions, so brackets are required.

Notice in the sixth line that the spaces may be placed in the lvalue-rvalue expression on either side of
the equal sign. The mathematical expression "y=x+1.5" has no spaces and therefore does not need
brackets. The lines above are equivalent to the command lines:

x=1

y=6.25

units 1 6.25 2.5
Or

units ibeams=1 xunit=6.25 yunit=2.5

The variables x and y are available for use elsewhere in the program. Assuming the variables x and y
are defined, other equivalent forms are:

units 1 y
units 1 x
X

X
Y
units 1 [

= y=X
=[yl y=I[x]

Variables may be used in strings or parameters and their modifiers by preceding them with the “@"
symbol. For example consider the use of integer variables in the example below,

variable/declare/int 1
i=1

plot/watch plotei.plt
i=i+1

plot/watch plotei.plt

These code lines establish plot names plot1.plt and plot2.plt successively. If variables are included in titles,

thetitle is updated to include the current value of the variable.
A similar approach may be used to build avector. Assume that we have some datawhich isto be called

in sequence:

x1
X2

Jump to: Theory , Examples 37



38 GLAD Commands Manua

X3 3.001

x4 2.73

variable/dec/int 1

macro/def system/o
i=1+1

prop x@i # a simple form of vector for x values
title Position @i
plot/1 1

macro/end

i=0

macro/run system/4

Parameters and their modifiers are used by many commands to control program execution. The special
parameter “ ?” causes GLAD to prompt for commands, modifiers, and values. For example,

clap/?/? ?

will prompt for the first and second modifiers and the numeric assignments. Also, see the fitzern
command.

1.4.2.2 Conditional lineor i command
The IF and BLOCKIF may be written in terms of a mathematical expression enclosed by brackets or
without brackets if the expression has no internal spaces:

if argl [Expression] arg2 (inputline)
if argl [EXpression] arg2 then

eise

eﬁdif
where “Expression” is any mathematical expression created from the elements of Table 1.5. “input ling” is
any command line (except another 1 £). It can no be an assignment statement. Notethat [0] istaken asfalse
and any non-zero value is taken as true. Also, “if 1 then” or“if 0 then” may be used with no
brackets required. It may be useful at times to temporarily place ablock of linesinside a BLOCKIF, so that

the block may be easily switched out with a“0” value or switched back inwitha*“1” value.
The IF command may also be written in an older form:

if argl (Relop) arg2 (input line)
where argl and arg2 are numbers, variables, or mathematical expressions enclosed in brackets. Relop
should be one of therelational operators <, >, =, <=, =>, ! = Or <>. A number or mathematical expression
is judged false if zero, true otherwise. If the condition is true, the input line is processed. See the if
command description for details. The i £ command may also be used in the form of aBLOCKIF,

if argl (Relop) arg2 then
else

Jump to: Theory , Examples 38



39

endif

The commandsinthe BLOCKIF are processed only if the expression istrue. | F blocks may be nested to any
number of levels.

14.2.3 Comments

Comment lines are identified by the pattern “c " in columns 1 and 2 (lower case “c” followed by a
space), “s ", or “//". These comments are not processed by GLAD. The c-style or $-style comment is
terminated by a semicolon and other commands may be placed on the same entry line. The double slash
comment is treated as a $-style comment. In-line comments are identified by “#” or “//”. Nothing on the
entry lineis processed after # or // including semicolons.

c this is a comment up to the semicolon; energy/norm 1 2.0 # more comment
Processing of the c-style command jumps to the semicolon. The energy command will be processed.

A comment may also be started by a numeric digit (0-9) asthe first character. For example

131;energy/norm 1 1

treats “131" as acomment. This feature may be used to number commands or to create line numbers.
A comment beginning with “C " (upper case C) or comment will make a comment that is displayed.
See the comment command. Variables and aliases will be expanded. For example:

X =3

C x = @x
will print

Cx =3.000

to the output device. The format of the variables may be defined with ¢/ format or comment /format
similarlytotitle /format.

1.4.3 Aliases

Character string substitutions may be used to create aliases for any string of up to 20 non-blank
characters. The alias name may consist of the characters A-Z, a-z, 0-9, _and $. The leading character should
not be a number. The aliased pattern many contain any non-blank characters. GLAD will substitute blanks
for comas when the alias name is replaced, so that blanks may be introduced into the alias string. For
example

alias xxx units,1,2
@XXX

hasthe same effect asunits 1 2.
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1.4.4 Breaks

GLAD may be interrupted form command file by the Break menu item. break/set activates the
interrupt menu when the command file is running. The user may then elect to continue, stop immediately,
or create a break point. If abreak point is placed, the user may issue break /continue, either from the
Interactive Input window or from GladEdit, to cause GLAD to continue execution. GLAD may also be
interrupted from the Interactive Input window under the Controls menu item.

1.4.5 FileNamesand Folders

File names are entered for the read /disk, write /disk, plot/disk, infile , and
outfile commands. GLAD allows the file names to be specified as string variables in the form
'filename', wherethe single quotes are used to delimit the string variable. Single quotes are not needed
if he string contains no spaces or forward slashes. The caseisnot altered and any characters may beincluded
in the string variable. Consider an example,

write/disk '../outputdata/out.dat'/overwrite

This example will cause the output to be directed to thefile “out . dat” with the path name consisting
of asubdirectory of the current directory caled “outputdata”.

The current working directory may be set through GLAD IDE, Controls, Set default folder. The current
working directory may also be changed through the GLAD command set /folder. For example:

set/folder 'd:\myfiles'

A popup dialog box for folder selection may also be generated from GLAD with the command:

set/folder/popupmenu

See details under the set command.
For compatibility with earlier versionsthe set /path command isretained. The specified path will be

placed in front of all input and output files. Also for compatibility with earlier versions, pathnames and
filenames for beam arrays may be set withthe array /path and array /name commands.

1.4.6 Registry settings

GLAD sets the name of the installation folder into the MS Windows operating system registry. The
installation directory and other registry information is set at thetime of installation from the distribution CD.

The utility setup_58.exe (requires administritative privileges) will reset the all registry information to
the default values, and the system folder will be set to the folder in which setup 58.exeislocated whenitis
run. It performs the same registry operations as installation from the CD and, indeed, is caled by
“setup.exe’ or “setup_32.exe” from the CD installation. The utility reg_r58.exe will display current values
(does not require administrative privileges).

If one is knowledgeable in working with the registry, the settings may be explicitly changed. It iswise
to back up the registry before making any changes. Run “regedit.exe”. Locate

HKEY CLASSES_ ROOT\AppliedOpticsResearch\Shell\Open\Command
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You will find a data value giving the folder name. For example “C:\AOR\GLAD58\ide.exe %1".
HKEY CLASSES ROOT\AppliedOpticsResearch\DefaultIcon should be set to the same
value of folder name.

HKEY CLASSES ROOT\AppliedOpticsResearchWatch\Shell\Open\Command
You will find a data value giving the folder name. For example: C:\AOR\GLAD58\watch.exe %1.

HKEY CLASSES ROOT\AppliedOpticsResearchWatch\DefaultIcon should be set to the
same value.

One should also have HKEY CLASSES ROOT\.inp with REG_ SZ set to AppliedOpticsResearch
and ContentType set to application/inp and HKEY CLASSES ROOT\.plt with REG SZ set to
“ AppliedOpticsResearch.Watch” and Content Type set to “application/plt”.

Data definiting window locations and various operational dataislocated in

HKEY CURRENT USER\Software\AppliedOptics Research\5.8

1.4.7 Command Line Description Conventions
In describing command lines, we will identify the following types of entities
Explicit parameters or commands—Courier font (evenly spaced typewriter |etters)

clap/ (Modifierl) /(Modifier2) ibeams

clap isan explicit command word, “Modifierl” and “Modifier2” are names of character stringsto
be entered, “ ibeams” isthe name of anumeric value.
Modifiers may be character strings or numbers. For example,

macro/run (Filename) /icount

“Filename” isthe name of the filenameto be used. i count isthe name of the number to be used asthe
filename modifier. In the list of modifiers, the default modifier is always listed first.

1.4.8 Help

Online help is available in three forms. Both IDE.EXE, WATCH.EXE, GLAD Output, and GladEdit
have MS Windows Help files available from the associated menu to describe operation of these windows
programs. You can also access the full set of GLAD manualsin online form from the IDE Help item on the
IDE.EXE menu bar. These online documents use the Adobe Acrobat Reader and provide high quality online
viewing and support printing of selected pages with high resolution.

1.4.9 Batch mode
GLAD may be run by other programs that are capabl e of issuing a system command of the form:

glad filename noconsole

The optional “noconsole” parameter causes GLAD to run without console window, top level
window, or Watch. The traceback window may also be turned off by setting “ t racebackwindow=0" in
glad.ini located in the GLAD system directory.
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Thefile“startup” may also be used. GLAD first looks for afile called startup (no file extension). If the
fileisfound, it is read before any other commands are read. This feature provides a convenient means of
initializing GLAD without display to the terminal. It also provides a means to run the program in batch
mode, since all commands may be put into the startup file.

A customers application may be called in the middle of a GLAD run by using the system/execute
command. For example:

outfile/beam filel.dat/no/binary 1
system/execute/wait customer.exe filel.dat file2.dat
infile/beam file2.dat/no/binary 1

The modifier wait isused to cause GLAD to stop until customer.exe completes.
GLAD may aso beruninabatchfile (*.BAT) so that a customer’s programs may be interspersed with
GLAD operations. For example the file batch.bat might take the form:

start /wait glad start.inp noconsole
start /wait customer.exe filel.dat file2.dat
start /wait glad end.inp noconsole

where GLAD generates filel.dat using outfile from the command file start.inp. Customers program
customer.exe inputs filel.data and outputs file2.dat. GLAD then continues the calculation by using
infile toread file2.dat. Thefile batch.bat may be run in the same way as an executable file.

1.5 Good Programing Practice, Solving Problems, and Technical Support

GLAD may be considered a programming language for physical optics. Assuch, some of the principles
of good programing practice and debugging will prove helpful. A well organized approach will make it
much easier to obtain technical support should that be necessary.

1.5.1 Organizing a problem for solution

A complex problem is best solved in stages, beginning with a very simple representation and adding
complexity in stages. In many cases, one can start from one of the examples from the GLAD Examples
Manual and modify it to suit the new requirements. Generally one makes a new sub-example to test a new
feature, ultimately one would have versions“a’, “b”, “c”, etc. One should verify the reasonableness of the
result for each stage before going to the next. It is wise to save the various stages in case it is necessary to
reverify certain performance features. This provides an excellent way of validating the model in easily
understood stages.

Consider the example of designing a stable laser. If you have not modeled a stable cavity laser before,
you might begin by familiarizing yourself with Example 33, adapting the example to suit the new
configuration, and add new features. One do this in the following steps:

* Become familiar with Ex 33, abare cavity, stable resonator

* Make acopy into anew name. For example MyLaserl.inp

* Change thelength and mirror curvatures. Examine output of resonator /test to verify that the

laser is stable.

Jump to: Theory , Examples 42



43

* Verify that the resonator isindeed stable and that the surrogate gaussian is indeed an eigenfunction.
Do this by checking the values of the surrogate gaussian by running geodata and noting the
parameters. Then run resonator /run 1 followed by geodata and check that the surrogate
gaussian is unchanged. Repeat thistest again just to be sure. If thistest fails, ook for some complex
logic that may cause the resonator to change from one pass to another.

* Now try using random noise as a starting point. You will want to use one of the functions that does
not alter the surrogate gaussian. For example “clear 1 0” followed by “noise 1 1” would initialize
beam 1 to uncorrelated random noise. One could also construct a desired starting distribution in
another array (use attribute “data’) and copy it to the array propagating in the cavity using
“copy/con”.

* One can then make a new sub-example and add laser gain.

1.5.2 Debugging

If a command file fails to give the expected result, endeavor to isolate the specific command that
separates the region of expected behavior from unexpected behavior. This is the principle of “divide and
conguer”. One can use break /set or read /screen to interrupt the program at a certain point. If a
problem only occurs after a certain number of passesin aresonator, one may use IF logic so that the break
only occurs at the desired pass.

Once the specific command that causes the problem isidentified, check the description of the command
carefully to be sure of the use of parameters. Graphic plots just be fore and just after the command may be
helpful aswell as energy checks and other diagnostic commands. For exampleif an apertureis defined with
global positioning in avery complex folded and decentered system, one might interrupt the code just before
and just after the aperturein question to check the vertex position and rotation and the global beam position
and direction.

For a complex command, one may also wish to check its use from the examples supplied with GLAD.
One may also wish to construct a simple test case to become familiar the use of the command in question.

In some cases it is not clear which command is causing the problem. Our usual approach isto make a
copy of the troublesomefile and try to simplify the copy as much as possible while still observing the error.
For example one may delete plots and comments and still have the problem. Perhaps the problem will still
exist if a simple plane wave input is used. If so, use the simplest solution. Quite often this process of
simplification, will reveal the source of the problem.

It isour observation over many years, that those who do not intent macro definitions and logic branches,
have much more troubl e than those who do. When we receive acommand file as part of atechnical support
reguest, the first thing we do isindent macros and logic branches if this has not been done by the customer.

1.5.3 Technical Support

AOR provides one year of technical support from the date of invoice. The technical support period is
renewed with the purchase of an upgrade. Here are some suggestions to make the best use of technical
support.

Most questions may be divided into either general questions about the concepts and principles or
specific questions regarding a particular command file.
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At any timethat an errorsisfixed the changes are posted to the web. To obtain the latest code, download
glad58.zip from the demo/download section of www.aor.com. Copy glad58.zip to your installation folder
and unzip into the installation folder.

1.5.4 General questions about concepts

The GLAD Theory Manual is the first and most important resource for understanding the numerical
modeling concepts. If you have a question about concepts or methods, locate the section of the Theory
Manual. You will find an answer to virtually al questions of concepts and theories in the GLAD Theory
Manual.

If you email to AOR, “Please explain sampling.”, you will likely get the reply, “Please take a look at
Chapter 5, GLAD Theory Manual.”, as we have aready made our best effort to explain this important
subject in the manual. If you have questions after reading the appropriate sections, we will be happy to help
by phone or email.

1.5.5 Specific questions about particular command files

If you have problem with a specific command file. You will find the fastest way to a solution is to go
through the debugging process, particularly with regard to attempting to reduce the command file to the
shortest and simplest form that still exhibits the problem.

You will need to send us the specific command file manifesting the file. Please do not send afile that
works and suggest that we will find a problem if the file is changed. Send the filein “broken” form so that
it demonstrates the problem. It is best to send command files as email attachments. On occasion email
processing software may change characters, tabs, etc. This seems to be less of a problem with email
attachments.

Please provide some notes as to what you are attempting to do. We can not infer your desired
configuration from the command file alone. Nor can we infer your intentions from the command file alone.

We can not accept proprietary designs. We look at hundreds of customer command files each year. There
isno way that we can keep track of which concept is proprietary to which customer. It isour experience that
a command file of a proprietary design that manifests a problem can aways be modified into a non-
proprietary form that still exhibits the same problem.

1.6 New features

1.6.1 Enhancementsfrom Ver.5.7t05.8
* Thecommand point/record savesthe same system variablesas point/1list, but doesnot
display the values when the command is called.
e Thecommand plot/plot log/load now addsfile namesfrom an external fileto thelist of
files generated in the current command file execution.
* Thereare new predefined variables: “Ver” the GLAD version number asareal value such as5.8 and
“Bits’ the number of bits of the running version of GLAD either 32 or 64.
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* The command language now accepts complex numbersin calculations. It is necessary to declare the
variable by the command variables /declare/complex. Theimaginary part of a constant may be
indicated by afollowing “i”. For exampe 1+2i. The sguare root of minus oneis*®1i”.

* mult /mode/correlation will set the complex correlation to acomplex variable. The system
variable corra may be assigned to acomplex variable such as“variable/set x corra”
where “x” has been defined as a complex variable.

* point/list/ij/saor /xy/saand point/list/ij/paor /xy/pa will display the
complex amplitude for s- or p-polarization respectively. The system variable point /sa or
point/pa will assign the complex amplitude for s- or p-polarization to a complex variable.

* plot/plot_ log/top will placethe designated plotfile name on the top of the Watch plot
displays.

* plot/liso acceptsanarray number pattern. For example 1,3,6:8 displaysarrays 1, 3, 6, 7, and 8.

* Thesystemvariable resonator /status returnsvaluesgiving the state of resonator processing.
A variable value of 1 indicates normal processing after the two resonator test passes.

* Example Ex33f revised to alow backward input (parity = -1) to a globally defined resonator.

* Example Ex92i has been added to demonstrate how atherma window would impact alaser mode
from heating due to continual end pumping. Figure 1.20 showsthe wavefront distortion of awindow
after 40 seconds of end-pumping. Figure 1.21 shows the wavefront distortion after 320 seconds.
Figure 1.22 portrays the drop in Strehl Ratio over the 320 seconds and illustrates the temperature
distribution is approaching the steady state condition.

ma:
min  -1.00E-01

=-3.0E+00  x=-3.20E+00 y=-3.10E+00

PLOT 1, Wed May 08 00C:! > X Ba.| PLOT 15, Wed M:

Fig. 1.20. Wavefront distortion after 40 secondsof end  Fig. 1.21. Wavefront distortion after 320 second of end
pumping for Ex92i. pumping. Distribution is approaching steady state for
Ex92i.

* Example Ex11g illustrates a confocal, negative branch 1-D resonator.
* Example Ex33n illustrates a bowtie resonator using global positioning. See the configuration Fig.
1.23, converged mode Fig. 1.24, and correlation with the ideal mode Fig. 1.25.

* Example Ex860 illustrates a pencil of light making four bouncesin a dielectric waveguide at near-
TIR incident angle.
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Ex92i_8.plt PLOT 17, Wed May 08 00:54:31

Fig. 1.22. Strehl Ratio over 320 seconds of end pumping. The Strehl Ratio is approaching a steady state condition as
the thermal distortion stabalizes for Ex92i.

Fig. 1.23. Path of center ray for bowtie resonator. The calculation emanates from “start” and proceedsto M1, M2,
M3, and M4 and finally retursto “end”.

* Example Ex86p compares a straight waveguide with atapered waveguide for a pencil of light
injected at an angle that is near the TIR condition. Because of the tapered reflecting walls the angle
of the light increases with each bounce and the transmission losses correspondingly increase with
each bounce.

* Example Ex117d showscomplex pumping used in a stable resonator. Figure 1.32 shows a complex
pumping distribution from Ex117c . Figure 1.33 shows the optical distribution early in the laser
startup at pass = 100 with the complex pumping distribution printing into the optical intensity.
Figures 1.34 and 1.35 show the staturated population inversion and the corresponding optical mode
at pass = 5,000. Details of the pump distribution are not evident near steady state.
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Correlation with perfect mode vs Pass
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PLOT 41, Sat May 18 17:35:30 2013, 3653 x33n_3.p PLOT 42, Sat May 18

Fig. 1.24. Converged mode for bowtieresonator after 400 Fig. 1.25. Correlation of cavity mode for bowtie
passes. resonator with ideal mode versus pass number, showing
a high degree of convergence to the ideal mode.

Ex860_7.plt o 7 _PLOT 32768, Mon May 13 18:43:25 2013, 3653 y 13 18:43:25 2013, 3653

Fig. 1.26. A pencil of light isinjected into a dielectric Fig. 1.27. A countour plot of the same situation as
waveguide for Ex860, initially headed to the left and displayed in Fig. 1.26 for Ex860 with staturation to show
making bounces at points R1 through R5. Reflection R3  only values below 1% of peak. It appears that the strong
appers to be distorted by the presence of the strong transmiited beam from R1 is affecting the reflection
transmitted beam T1. Theintermal modefollowsazigzag behaviour at R3.

path. Light transmitted through the boundariesisstrongly

refracted in accord with near-TIR condition.

1.6.2 Enhancementsfrom Ver.5.6t05.7

* A new, advanced coherent gain model, gain/coherent, treats both short pulse and coherent
medium behavior. Ex125a shows transient, short pulse behavior. Ex125b shows a cal culation of the
atomic line width for arange of short pulses. See Ex125.
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2771, Thu May 23 04:00:08 2013, 3653

Ex86pl_12.plt 7

Fig. 1.28. For SWITCH=1, theindex profile from start to
finsish at the length of 0.328 cmisa constant 0.0040 cm
half width.

2, evolution of X beam profile
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Ex86p1_7.plt - T _PLAT32768, Thu May 23 04:00:08

Fig. 1.30. For SWITCH=1 the core has constant width as
shownin Fig. 1.28. A pencil of light isinjected at an
angle toward the left wall. The angleis set to be dightly
lessthan the TIR angle. Leakage is very low through all
reflections from R1 to R4. The primary changeis due to
the expansion of the gaussian beam.
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1.20E-02

0.00E+00

Ex86p2_12.plt enn . PLO,

Fig. 1.29. For SWITCH=2, the index profile starts at
0.0040 half widht and finishes at 0.0020 cm half width
over the length 0.328 cm.
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Ex86p2_7.plt A 7" _pLa1 32788, Thu May

Fig. 1.31. For SWITCH=2 the core tapers from 0.0040
half width to 0.0020 half width as shown in Fig. 1.29. A
pencil of light isinjected at the same angle as Fig. 1.30
with an angle slightly lessthan the TIR angle for the
tapered wall. Thereis almost no leakage at the first
reflection R1, but with each reflection from R2 to R4 the
angle increases and leakage increases correspondingly.

23 04:26:10 2013, 3653

* GLAD 64 now can use up to 16 CPU’sfor the gain rate, zigzag gain, and energy /list
commands. All multi-threaded commands, including diffraction propagation, allow any number of
CPU’s up to 16—not just powers of two. See set /cpu. Due to thread overhead, the best
performance is often found with four to six CPU’s. GLAD 32 continuesto allow two CPU’s.

* Arrays may now be used as optimization variables. Ex60b.inp through Ex60e.inp. See Ex60.

* A routineto model a saturable absorber has been devel oped for Q-switched lasers. Both ground and
excited state absorption are included. See gain/absorber . Itisillustrated in Ex80g and Ex80h.

See Ex80 .
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ex117d_2.plt

Fig. 1.32. A complex pump distributionfrom Ex117cthat  Fig. 1.33. Optical field at pass 100. The field has grown
was formed by three banks of laser diodes at relative from spontaneous emission noise at pass 100 showing
angles of 120 degrees. imprint of complex pumping.

pass = 0.000

LI2E+0S

0.00E+00

x=1.00E-01

ex117d_H.plt PLOT 51, Sun May 26

Fig. 1.34. Population inversion after 5,000 showsahigh Fig. 1.35. Optical field at pass 5,000. The optical field
degree of saturation in the center. Compare with the near steady-state no longer showsany print through of the
complex pumping distribution shown in Fig. 1.32. complex pumping field. Compare with Fig. 1.33.

* Ex32b shows how to implement a conjugate mirror or correction platein either the near- or far-field.
See Ex32.

* Example psd_two.inp (inthe examplesfolder) shows how to set arandom distribution to a specified
power distribution. Example psd_two_wavefront.inp shows how to set a random wavefront
distribution to a specified power distribution. In both exampl es, the frequency units are controlled by
setting the focal length to the wavelength.

* Ex11f.inp illustrates an unstable resonator with gain. In an unstable resonator the beam size in the
forward direction is usually different than the backward direction. Of course the size of the gain
region isfixed, so an iterpolation step is required to match the units of optical beam and gain region.
Ex11f.inp illustrates the best way to do this. The See Ex11f .
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Efieldl, Deca:

60 ns

240 ns

120 ns 180 ns

Fig. 1.36. lllustration of the variation of the transient atomic line width with pulse length. The curveswere cal culated
by taking scans through arange of frequencies for various pulse length times of 60ns (red), 120ns (yellow), 180ns
(green), and 240ns (cyan). At thelongest time of 240ns, the curve approaches the stead-state atomic line width shape.

* Thekeynumber isnow apredefined integer variable “ Key”—useful form marking text and plot titles
with the key identifier.

* The pause command now allows “ Terminate GLAD”. The new modifier pause /label prints
an identifying label in the popup message to identify the position of the pause command.

* Plotting activitiesmay be turned off or onwithplot/off andplot/on. ltsuseiscomparableto
write/off and write/on tolimit output display.

1.6.3 Enhancementsfrom Ver. 5.5t05.6

* GLAD 64 bit isnow available with Ver. 5.6 and higher versions. It requires 64 bit Windows and can
access all the memory available on the syste—no longer limited by 2GB per application. GLAD 64
will also automatically multi-thread the diffraction propogation to use from 1 to 16 processors as
available as physical cores or hyperthreading. GLAD 64 aso has an upgraded editor.

* The system variable uni formity now has modifier sum, to set avariable to the sum of all
irradiance values or the sum of irradiance differences for /two.

* Commandsopo and sfg how use apolarization definition pattern based on “0” and “€” for ordinary
and extraordinary rays. For example: “0eo”. Theold “x” and“y” descriptionisstill accepted, but “x”
isinterpreted as“0” and “y” isinterpreted as“€”.

* GLAD now calculatesthe OPL, PPL, round trip time, and Gouy shift for stable resonators. Theseare
displayed by resonator /eigen/1list and available as system variables.

* Theresonator/run command now trims additional geometric data at each pass for more stable
performance over very long convergence runs. Trimed parameters include units, waist size and
location, and the index of refraction. These parameters are maintained at the original valuse when
resonator /eigen/test was performed.

* Anexample of finding higher order modesin a stable resonator by successive orthogonalization
against the modes aready found isgiven in Ex33m.
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Finding the first six modes of an unstable resonator using successive orthogonalization against the
modes aready found. See Ex1le .
An array may beinitialized to the first analytical mode of acylindrical step index fiber. Seefiber.

1.6.4 Enhancementsfrom Ver.5.4t05.5

With Version 5.5.2, GLAD runs approximately 18 percent faster due to a change to new Intel
compilers.

Notice of expiration of technical support and version upgrade period has been added to the banner
displayed at the start of the program for convenient reference.

GLAD 5.5 supports running from a non-administrative account. Installation still requires
administrative privliges.

Trigonometric functions that accept degrees as arguments or return values in degree have been
added. Each function isidentified by atrailing “d” in the name. Functionsinclude: sind, cosd,
tand, tan2d, asind, acosd, atand, and atan2d.

Thefunction t ime () hasbeen added to give thetimein seconds since January 1, 1970 GMT. It can
be used to generate a unique random seed inthe expression i = srand(time()).

The command energy /ginversion will integrate over zfor 3D arraysif the section number is
set to zero and yield avalue with units of [j]. Similarly the variable produced by energy/ginversion
will yield the same value for 3D arraysif the section number is set to zero.

intensity /zslice now printsfield datafor a z-dlice through a 3D array.

infile/real, infile/aimaginary, outfile/real,andoutfile /aimaginary have
been added.

Thetitle of the security key may be changed at the time of upgrade following the instructions
included with the upgrade password.

Keyread.exe provides a user interface when called by means of the short cut. This the same as
executing “keyread.exe menu”. The interactive menu may be called from GLAD by
privileges /keyread. A log file named keyread58.10g is generated and contains information
about keyread activity.

A closed-form solution for steady-state solution for the upper and lower level s based on the pumping
rate and theincident irradiance. Thisisimplementedingain/rate /steady. A numerical check
isillustrated in Ex69; .

gain/rate/steady andgain/rate/step now havea“list” parameter to provide alist
of overall properties and properties of the center step. Ex69f illustratesthe use of thisfeatureto gain
insight into the numerical calculations of gain.

gain/three/step now have a“list” parameter to list overall properties and properties of the
center step. Ex69¢ illustrates the use of thisfeature to gain insight into the numerical calculations of
gain.

Section 9.6 provides more detail about the pump rate for three-layer gain with a single upper state.
The Watch refresh time may now be set under the File, Preferences. The default is 1.5. Thismay be
changed within the range 0.1 to 10 seconds.

Jump to: Theory , Examples 51



52

GLAD Commands Manua

The offset values of graphic files may be specified in pixel coordinates relative to the lower, |eft
corner of Watch.exe. Seeplot /watch andplot/plot log.

The Watch program has a new menu item “ Restore to Watch.dat” to restore the position and size of
all graphic filesto the original condition specified by GLAD through watch.dat. This removes the
effect of user resizing or repositioning.

The Watch program will now correctly set only thesizeif xsize or ysize isspecified without the
need to specify xof £ or yoff.

Column labels on the udata listing may be set with udata /clabel.

Any variable may be locked to prevent inadvertend change. See variables.

Labels may be added to variables with the command variables /label. Thelabelswill be
displayed in the variables listings.

Variables may be assigned, locked, and labeled to arrays with array /variable. Many
commands will display the variable name rather than the array number.

variables /value will declare and set asingle variable allowing “real” or “integer”
specification. Any text after the value will become avariable labdl.

The variable for opl and oply may be set to waves or length (in cm).

lensgroup can now accessthe pre-built library names. For exampleif alenscalled “mylens’ has
previously been defined and built for Beam 1 by 1ensgroup/build or aprevious cal to
lensgroup/run,thephysical optical equillavent system may beaccessedby 1ensgroup/run
_mylens 001.

set /prescan turns“on” or “off” prescan—asearch for macro definitions so that macros may be
defined at any point inthecommand file. GLAD will look in external filesaccessed by read /disk
only if the file name has no embedded variables or alias names as such names must be computed in
real-time during command file execution.

mult /mode/reflector enablesasimple and efficient calculation of the feedback into alaser of
light reflecting from external optics based on the curvature of a surface at that point.

Ex124 illustrates the use of mult /mode/reflector for evaluating feedback coupling of an external
surface into alaser cavity.

Ex117c¢ illustrates side pumping from three azimuthal angles spaced 120 degrees apart.

Ex11d illustratesinjection of the collapsing mode into an unstable resonator.

Ex123 illustrates encoding acomplex pattern into ahologram using arandom noise key. The pattern
can be reconstructed with the same random noise key, but not with a different random noise key.
Ex69k illustrates the numerical procedures for single layer, three level rate equation model with
multiple steps.

Etalonl.inp demonstrates an iterative solution for the transmission through athin film asan
aternative to the closed form solution using jsurf/single.

All main windowsfor IDE, Watch, GladOut, TraceBack, VariableMonitor, and the first edit window
can berestored to theinitialization values from the I nteractive I nput Window, Controls, “ Reset Main
Window Positions.”

Jump to: Theory , Examples 52



53

Six functions for calculating complex values have been added: cmul _r, cmul i, cdiv_r,
cdiv_i,cexp r,andcexp i forcomplex multiplication, division and exponenetiation returning
either the real or imaginary component 1.4.2.1.

glass /index has been added to set the index of the parameter “glass’ in severa commands. It
performsthe samefunctionas“glass/set 5 ao0”.

An example of amovieisincluded in this PDF filein Sect. 1.3.8 .

read /disk may beincluded within a macro or another read /disk to onelevel.

mult /mode/correlation/intensity calculatesthecorrelation of theintensity distributions
of two beams.

resonator /1list now displaystheround triptimeand variables /set (variable)
resonator/roundtriptime setsavariableto the round trip time. The round trip time may be
used for the gain pumping time. The frequency separation of longitudinal modesistheinverse of the
round trip time.

pause /label alowsthe user to add an identifying label for the pause. Variables may be included
by preceeding them by the“ @” symbol.

1.6.5 Enhancementsfrom Ver.5.3t05.4

The family of plots displayed by Watch may be moved as a group by moving the main Watch
window. This makesit easy to drag all Watch windows across the screen or onto a second monitor
for adual-monitor setup.

GLAD now pre-scans the entire command file and identifies and saves al macros. Locating the
macros at the bottom of the command file after end can improve readibility.

The position and size of thefirst editor window is saved and used asthe default for the next execution
of GLAD.

Enhanced metafile (EMF) graphics may be generated from Watch or fromplot /meta/emf.
The GladOut display may be cleared from the command linewrite /screen/clear.

The pattern “//” may be used as an in-line, non-displayed comment similar to “#".

The command energy /ginversion displays theintegrated population inversion in j/cm.

A variable may be set to the population inversion at a point with point/ginversion or the
integrated population inversion with energy/ginversion inj/cm.

The modifier ginversion has been added to most plotsto show the population inversion
distribution.

plot /udata/set with no column identifierslists current identifiers.

Prism endswith variable angleson theinput and output faces are now incorporated into the command
zigzag to model azigzag amplifier. See ExampleEx121b .

plot/zigzag displaysthe configuration of the zigzag amplifier in gain or beam coordinates.
Theline command displays the current source linein the output. The function 1ine () returns
the current source code line.
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1.6.6 Enhancementsfrom Ver.5.2t05.3

Thehtml command hasbeen completely rewritten to provide dynamic generation of HTML output
with automatic update by sourceline, tables with tooktip definitions, and scalable vector graphic
(SVG) graphics that may be expanded and the range of plot versions viewed. See Sect. 1.3.6. The
old GLAD HTML viewer isno longer used after Ver. 5.2.

The resonator command has been enhanced. This command now tests the system macro, issues
an internal resonator/set command, and makes a second test to verify stable behavior. The
resonator/set command isno longer needed explicitly and the double tests catch many errors
causing instability of the round trip ABCD matrix that a single test would not.

Theinternal testing by the resonator now, by default, ignoresgain, plot, thermal, and
udata commands.

resonator/reset resetsvarious parametersto initial conditionswithout changing the complex
amplitude distribution. Useful to prevent drift of parameters during very long resonator settling or
multi-pul se problems.

Comment “CC” isthe same as the printing comment “C”, except that “Ccc” aways prints, even if
writing is turned off.

For HTML output tooktips have been added. Tooltips are asmall window that givesthe definition of
the term in atable when the mouse is placed over the word. Only works when the HTML fileis
viewed from aregular browser. The old GLAD HTML viewer isho longer used after Ver. 5.2.
phase2real andwaves2real have been added to transform phase or wavefront into areal
distribution.

Example Ex120 illustrates efficient gain interactionsin afive-pass, zigzag amplifier; laser diode
cross pumping, and associated thermal distortion.

Magnification factors are now calculated for 1ensgroup . Variables xmag, ymag, and oblique
give the respective x-, y-, and 45 degree components of magnification due to refraction at tilted
surfaces.

Scalable vector graphics (SVG) plot files can now be output from Watch and may be used in HTML
output with the capability to expand or hide the plot.

pack /reference specifies which beam being packed is to provide the reference unitsto which
all other beams are interpolated.

plot/xslice andplot/yslice now usekeyword ibeams instead of kbeam. The command
will now accept O for all beams and patterns such a 1,2,3:5.

abcd /operator cannow build up asysem of lensesand spacings (with no intervening apertures)
into asingle ABCD operator that may be applied with a single step.

The user may now cut and copy from the GLAD Output window to the system ClipBoard.

The GladOut display may be cleared from the menu with Edit, Clear.

Init-Run now writes a better heading with atime and date stamp for easier reading of GLAD Output
to distinguish among multiple command file executions.

pause now includes the choice of “Cancel” to call up the termination/break option menu and has
the source line number in the title of the message box.

pause now accepts adecimal value for atimed pause.
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Gain Gain Gain Gain Gain
sheet 1 sheet 2 sheet 3 sheet 4 sheet 5
Mirror 4 exit beam
Mirror 2 Mirror 3
incident beam Mirror 1

Fig. 1.37. A beam makes five passes through an amplifier region. In the two expanding paths, the optical beam will
interact with each of the gain sheets at different points. For this configuration, if therisein pixelsisamultiple of six
pixels, then the rise at the gain sheets will be successively multiples of 1, 2, 3, 4, and 5 pixels.

* mult /complex now has four keywordsto allow separate multiplication factors for s- and p-
polarization states. Keywords have changed.

* add/coherent/factors and add /incoherent/factors have been revised to peform
similarly to the other add commands.

* Error traceback has been improved including better line number identification.

* Ex88g.inpillustrates an example of ahigh Fresnel number diffraction pattern formed with apartially

coherent LED having an M2 = 60 illuminating a square aperture and propagating a short distance.
This partial coherence removes much of the edge diffraction ringing.

* Thedatatypeginverse hasbeen added to most plotsto display the population inversion of again
sheet. Notethat gain /rate/inversion will extract the population inversion into another array.

* copy /section now copysasingleinput section to all output sectionsif the section number is set
to zero so that aall sections of a 3D array can be easily set to be identical.

* clear/complex will now set the 2nd polarization state.

* time/halt and time/resume have been added to allow the accumulation of time to be halted
and then resumed without resetting to zero. Allows the times of several operations to be summed.

* Thecommand zigzag models azigzag amplifier. See ExampleEx121a.

* Theplot commandsnow havethe option to display the populationinversionwith /ginversion.

* add/coherent/con and add /incoherent/con accept decentration keywords and allow
alow the arraysto be of different size.
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Fig. 1.38. Optical beam passing through a zigzag amplifier, asillustrated in Ex121, by entering from the top and
heading first to the right mirror. The beam makes ten reflections and five full cycles. Note the high intensity in the
overlap region that leads to higher inversion depletion. Gain is calculated at approximately 10,000,000 points.
Approximately 70,000,000 differential equations are solved in about six seconds on an ordianry PC.

1.6.7 Enhancementsfrom Ver.5.1t05.2

mult/beam /jones alowsimplementation of a2D array where each element of the array isa
Jones matrix. This allows the Jones matrix operations to vary across the aperture. See example
jonesl.inp and jones2.inp.

gain/three implementsthreelevel gain where both upper and lower levels may consist of
multiple levels forming a manifold.

Example Ex119 illustrates how to implement sub-sampling of the round-trip time of aresonator.
For macros, the Traceback window now gives the absolute line position in the file for easier
reference.

Thecommand 1ine givesthe source line position and sourcefile name. The system variable 1 ine
gives the source line position. The echo command now gives the source line position.

The clear command now takes a beam number range.

1.6.8 Enhancementsfrom Ver.5.0to05.1

A model of three-level gain has been added. See gain/three. Also see Ex69e .

A detailed numerical check of the four-level, rate equation gain equations. See Ex69f .

A procedure was devel oped for doing through-focus diffraction cal culations projected onto atilted
surface. Seetilt.inp.

Memory will now be automatically expanded as required up to the maximum physical memory
available memory.

functions /exp added.
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» Several accelerator keys have been revised to conform with MS Wordpad®, MS Word®, and many
other text editing programs. Ctrl S (hold down Citrl, then strike S key) “Save” to save the file. Shift
Ctrl Sinvokes " Save As’. Ctrl F invokes the search dialog box. F3 does aforward search with the
same search string. Shift F3 does a backward search with the same string. Ctrl P invokes the print
operation. Shift Ctrl P invokes the print setup dialog box.

* Numbers corresponding to length may have “mm” (millimeters), “in” (inches), “ft” (feet), “mi”
(microns), “nm” (nanometers), “km” (kilometers), or “m” (meters) appended to cause appropriate
scaling to centimeters. For example 1 . 3mm will beread as 0.13 cm.

* The command adapt can now either correct directly or create a phase plate.

* Theelements roof and cornercube now have either \global or \nonglobal forms.

*  The maximum number of variables has been increased from 400 to 999, with five predefined
constants (and 994 available for use in command files. The predefined constants are i, e, h, ¢, and
the version number Ver.

* Themacro library is now held in memory for faster execution. Thislibrary may be displayed by the
set /maclib/show command. Highlighting of lines and commandsis now done in the macro
library aswell asin the source files. Thelibrary is rebuilt each time Init-Run is executed.

* Line numbers may be added, updated, or removed by Controls on the GladEdit menu.

* Command files may be reformatted automatically with indents for different levels of macros, |F-
ELSE-THEN constructs, and pack/in and pack/out blocks. Indenting the source text greatly
improves readability. See Controls, Indent on the GladEdit menu.

* The Traceback window now identifies multiple commands on the same line.

* Highlighting now displays lines dynamically in both the source and macro library and identifies
command position for multiple commands on one line. Highlighting may be turned on or off from
Controls from either the Interactive Input Window or any GladEdit window.

* The GladEdit windows may be controlled from a GLAD command file or the Interactive Input
Window by the command edit . Files may be opened. Windows may be hidden or shown.

* Command t ime now provides microsecond accuracy and the system variable t ime givesthevalue
from the most recent call to t ime/show.

* jsurf/fresnel/refl alowsfor general complex index of refractions to accommodate
reflection from metal surfaces or TIR with absorbing material on the low index side.

* rms and variance now may now be applied to irradiance as well as wavefront.

* A model of semiconductor gain has been added. See gain/semiconductor . Also see example
Ex69d.

* Thekeyword ibeams now accepts beam number ranges and sequences in addition to “0” for all
beams and a single beam number. For example “:2,6:8,11,13,19:” processes beams 2 and below, 6 to
8, 11, 13, and 19 and higher.

* Definitionsof termsused in output tableswill bedisplayed or hiddenwiththeset /definitions
command. For example using set /definitions/on before geodata will cause the
definitions to be printed at the end.

* fitgeo/msquared hasbeen added to calculate M-sgquared by second moment.
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1.7 Incompatibilitieswith earlier versions

1.7.1 Incompatibilities of Ver. 5.8 with 5.7
* Thevariable parity used in global /def no longer reverses the paraxial direction indicator.

e Commands connect and disconnect are obsolete and have been deleted. Use the equivalent
commands infile and out file with string modifiersnoheader and binary.

1.7.2 Incompatibilities of Ver. 5.7 with 5.6

None.

1.7.3 Incompatibilities of Ver. 5.6 with 5.5
* Inoptimization tables /cha and /del have been deleted. Use /clear to remove all table entries.
Tables may be rebuilt after being cleared.
* times hasbeendropedin optimize/run which will now run only once.

1.7.4 Incompatibilities of Ver. 5.5 with 5.4
* Thekeyword nstep has been deleted from gain/step for three-level and four-level gain. Only
one step is required or appropriae for Frantz-Nodvik gain.
* add /opl now leaves the phase of the beam receiving the sum unchanged.

1.7.5 Incompatibilities of Ver. 5.4 with 5.3

None.

1.7.6 Incompatibilities of Ver. 5.3 with 5.2

* Line highlighting in GladEdit has been reactivated with improvements and is active with error
traceback. Switching highlighting on causes highlighting of the current line in the edit window.

* co2gain/dist isobsolete use co2gain /prop.

* plot/xslice andplot/yslice now usekeyword ibeams instead of kbeam. The command
will now accept O for all beams and patterns such a 1,2,3:5.

* mult /complex has different keywordsto allow for different multiplication of p-polarization.

* add /coherent/factors and add /incoherent/factors have been revised.

e flip nolonger atersthe global coordinate system for the beam respective.

* Themenuitem “Run” on the GladEdit menu has been renamed to “Nolnit-Run”.

e time/init/coarse and time /show/coarse have been deleted. All timer functions use the
high precision clock.

1.8 Licenselevels
There are three license levels; GLAD, GLAD Pro and GLAD 64.

Jump to: Theory , Examples 58



59

1.8.1 GLAD (58G) features:

Intended for laser and physical optics engineering modeling.
Native 32 hit code. Runs on both 32 and 64 bit operating systems.
Limited to 2GB system memory.

Laser resonators: stable, unstable, ring lasers.

Detailed four-level laser gain, steady-state gain, gain sheets.
Complex physical optics systems.

Finite element thermal modeling.

Propagation in 3D geometry.

Astigmatism of tilted and decentered mirrors.

Idealized refractive elements.

Dielectric waveguide modeling.

1.8.2 GLAD Pro (58P) hasall GLAD (58G) features and adds:

Intended for both engineering modeling and advanced research.

Native 32 hit code. Runs on both 32 and 64 bit operating systems.

Limited to 2GB system memory.

Diffration propagation multi-threading supports two CPU'’s.

Detailed ray tracing calculations of tilted and decentered mirrors.

Detailed ray tracing calculations of complex lens groups with tilts and decenters.
Damped least squares optimization of all system parameters.

In addition to detailed four-level gain, includes three-level gain, and semiconductor gain.
Nonlinear optics: Raman, frequency doubling, four-wave mixing, optical limiting, sum frequency
generation.

Zigzag amplifier.

Atmospheric effects: turbulence and thermal blooming.

High NA vector diffraction calculations.

Lens array features.

1.8.3 GLAD 64 (58P64) has all features of GLAD (58P) and adds:

Performance enhancement and coherent gain model.

Requires 64 bit operating system.

Native 64 bit code is faster than 32 bit code.

Security dongle supports both GLAD Pro (32 bit) and GLAD 64 (64 hit). Customer has access to
both GLAD Pro (32bit) aswell as GLAD 64 bit.

Can access al available memory on the computer.

Multi-threading of four-level gain and diffraction propagation up to 16 CPU’s.

Coherent gain for short pulse effects
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ABCD ABCD

2. Command Descriptions

ABCD General ABCD paraxial operator. Operator
Command Forms(s): ABCD

abcd/set kbeam

abcd/list kbeam

abcd/last

abcd/operator/direct kbeam ax bx cx dx ay by cy dy
abcd/operator/set ax bx cx dx ay by cy dy
abcd/operator/multiply ax bx c¢x dx ay by cy dy
abcd/operator/lens xfl yfl

abcd/operator/prop zstep

abcd/operator/list

abcd/operator/apply kbeam

Description:. ABCD

This command models general systems and gradient index mediain terms of the ABCD matrix. /set,
/1list,and /last control the ABCD operator for the specified beam.

The ABCD operator using /direct may be used to represent an arbitrary optical system. applied to
any of the beams and will implement propagation, change of index, magnification change, and optical

power.
A, B, A, B, M
C, D, C, D,

One can represent a simple system of lenses and spacings that has no intervening apertures by asingle
ABCD operator. This can save calculation time as only one diffraction propagation is required and is
particularly effective for an imaging system. One can either specify the entire system with /direct or
build up the ABCD operator in steps.

Using /direct explicitly specifies an arbitrary ABCD matrix and applies it to the specified beam.
Only a single propagation step is required in combination with appropriate magnification, index of
refraction, and beam curvature changes. The determinant of the matrix is the index of refraction and must
be identical for both x- and y-directions.

Instead of specifying the total ABCD matrix by means of /direct, the ABCD matrix may be built-
up by initializing a separate ABCD matrix with /set and then specifying the components of asimple lens
system with spacesby /1lens and /prop. Thetota length will be determined from the sum of all /prop
specifications. Alternately any system element may be specified in general ABCD formwith /multiply.
The built-up ABCD system is implemented with the /apply command.
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ABERRATION ABERRATION

Modifier 1 Description

/set Sets the ABCD operator to the unity matrix.

/list Liststhe current ABCD matrix (default).

/last Liststhe last change ABCD matrix.

/operator/direct limplements the ABCD operator directly (default).

/operator/set Sets ABCD operator without applying it. By default the ABCD matrix is set

to the unit matrix.
/operator/multiply Multipliesthe specified ABCD operator without applying it.

/operator/lens ABCD of idealized lens multiplies the currnt ABCD operator without
applying it.

/operator/prop ABCD multiplies the currnt ABCD operator without applying it.

/operator/list Lists the stored ABCD operator.

abcd/operator/apply Appliesthe current ABCD operator.

Numerical Values Description Defaults
kbeam Unique beam number.

ax, bx, cx, dx Matrix elements for x-direction. 1,0,0,1

ay, by, cy, dy Matrix elements for y-direction. ax, bx, cx, dx

System Variable Data Description

abcd/(mod) Current ABCD properties of kbeam.
mod = ax, bx, cx, dx,

ay, by, cy, dy

Example of abcd/operator

System with three lenses and three spacings (requiring three propagation steps)

lens/sph 1 F1
prop T1 1
lens/sph 1 F2
prop T2 1
lens/sph 1 F3
prop T3 1

ABCD operation implementing the entire system with a single step: /apply
abcd/oper/set # reset local ABCD matrix
abcd/oper/lens F1 # build up ABCD operator
abcd/oper/prop T1

abcd/oper/lens F2

abcd/oper/prop T2

abcd/oper/lens F3

abcd/oper/prop T3 # total length is now T1 + T2 + T3
abcd/oper/apply 1 # apply ABCD operator with a single step
ABR or ABERRATION Aberrations. Aberration

Command Forms(s): ABERRATION

aberration/ripple Phase gratings.
aberration/seidel Seidel aberration.
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ABR ABERRATION/RADIAL

Command Forms(s): ABERRATION (Continued)

aberration/zernike Zernike aberration.
aberration/radial Radia mode aberration.
aberration/grin Gradient index aberration.

Description: ABR

Various types of aberration. Random aberrations of gaussian distribution and Kolmaogorov atmospheric
aberration are implemented with the phase /kolmogorov command. Also see phase.

ABERRATION/GRIN Gradient index aberration. Aberration

Command Forms(s): ABERRATION/GRIN

aberration/grin ibeams deltan exp zstep rnorm xdec ydec

Description: ABERRATION/GRIN
This command implements a gradient index lens (GRIN):

Exp
2 2\ 2
WX y) = Deltar}t-Zstep[(x—Xdec) +(X2— Ydec)} @)
0 Rnorm

where W(X, y) is the wavefront error per step, (X, y) are the coordinates, and A, is the wavelength. The
aberration is added but diffraction propagation is not performed. Use prop zstep to add diffraction
effects.

Numerical Values Description Defaults
ibeams Beam number (0 to select all beams). Accepts pattern. 1 tonbeam
deltan Range of index of refraction that is modulated for 0
abr/grin.
exp Coefficient for exponent for abr/grin. 0
zstep Step length. 0.
rnorm Normalization radius (cm). largest of x- or y-beam
size
xdec, ydec Decenter of aberration. (0.,0.)
ABERRATION/RADIAL Special radial aberrationsfor axicons. Aberration

Command Forms(s): ABERRATION/RADIAL

aberration/radial/decenter ibeams ewav azdeg irefbeam

abertation/radial/tilt ibeams ewav azdeg rnorm irefbeam
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ABERRATION/RADIAL ABERRATION(ripple)

Description:. ABERRATION/RADIAL
These commands add tilt (Fig. 1) and decenter (Fig. 2) error to abeam in radial mode, after an axicon.

beam 1 beam 1
max  2.00E+00 max  2.00E+00
min  -2.00E+00 min  -2.00E+00

p

2.00E+00 2.00E+00

-2.00E+00 -2.00E+00

x= 3.10E+01 x= 3.10E+01

y= LE2E+02 y= LE2E+02
y=-L52E+02 x=-3.20E+01 y=-L52E+02 x=-3.20E+01

ex75]_l.plt PLOT 1, Tue Jan 21 11:15:52 2003, 1001 ex75]_2.plt PLOT 2, Tue Jan 21 11:15:53 2003, 1001

Fig. 1. Phase plot of tilt aberration on aradial beam. The Fig. 2. Phase plot of decenter aberration on aradial beam.
vertical direction correspondsto the azimuthal direction.

Modifier 1 Description

/decenter Radial piston error. W(0) = ewavsC0S(0 — azdeg)

/tilt L

Radial tilt error. W(x, y) = ewavrnormcos(e —azdeg)

Numerical Values Description Defaults

ibeams Beam number (0 to select all beams). Accepts pattern. 1 tonbeam

ewav Aberration coefficient (waves). 0.

azdeg Azimuth angle clockwise from top of beam (degrees). 0.

rnorm . Normalization radius (cm). Largest beam size
(XorY)

irefbeam Reference beam number for wavelength. ibeams

ABERRATION/(ripple) Adds phase grating. Aberration

Command Forms(s): ABERRATION(ripple)

aberration/crip ibeams ewav wnbr pcent rnorm xdec ydec irefbeam

aberration/hrip ibeams ewav wnbr pcent rnorm xdec ydec irefbeam

aberration/lrip/ ibeams ewav wnbr azdeg phi rnorm xdec ydec irefbeam
cosine

aberration/lrip/ ibeams ewav wnbr duty azdeg phi rnorm xdec ydec
square irefbeam

aberration/lrip/ ibeams blazeangle wnbr azdeg phi rnorm xdec ydec
blazed irefbeam
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ABERRATION/(ripple) ABERRATION/SEIDEL

Description:. ABERRATION/(ripple)

These commands put a phase ripple (grating) into the beam distribution. Also, seegrating .

Modifier 1 Description
/crip .
Circular ripple. W(r) = ewav-Sin(M), r= X +y°
rnorm
/hrip Hexagonal ripple.
M, LBy,
W(X,y) = ewave sin(M), X [
Rnorm
v 1
<—,r=Ix
X~ /3
/lrip Linear ripple.
2newnbr ,
W(x, y) = ewav-SIn{[yCOS(Azdeg) + XSin(Azdeg )]—-I—l(—;r—m— + Phl}
Modifier 2 Description
/cosine Cosine phase linear ripple.
/square Square profile phase linear ripple.
/blazed Blazed phase grating.
Numerical Values Description Defaults
ibeams Beam number (O to select all beams). 1 tonbeam
ewav Aberration coefficient (waves). 0.
blazeangle Angleof blazing. Refracted/refl ected angle should match
diffracted angle for best efficiency.
duty Duty cycle (ratio of raised region to line width). 0.5
azdeg Azimuth angle clockwise from top of beam (degrees). 0.
wnbr Number of cyclesfrom center to rnorm.
pcent pcent =0or 1. O for null at center, 1 for peak at center. 0.
phi Phase at center (degrees). 0.
rnorm Normalization radius (cm) for /crip or half width for largest beam size (X or
/hrip. Y)
xdec, ydec Coordinates of aberration center. 0.,0.

irefbeam

Reference beam number for wavelength. ibeams

ABERRATION/(Seidel)

Adds Seidel aberration. Aberration

Command Forms(s): ABERRATION/SEIDEL

aberration/ast/

polar

ibeams ewav azdeg rnorm xdec ydec irefbeam
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ABERRATION/(Seidel) ABERRATION/(Seidel)

Command Forms(s): ABERRATION/SEIDEL (Continued)

aberration/ast/ ibeams ewavx ewavy rnorm xdec ydec irefbeam
cartesian

aberration/coma ibeams ewav azdeg rnorm xdec ydec irefbeam
aberration/focus ibeams ewav rnorm xdec ydec irefbeam
aberration/sph ibeams ewav rnorm xdec ydec irefbeam

aberration/tilt/ ibeams ewav azdeg rnorm xdec ydec irefbeam
runout

aberration/tilt/ ibeams thetarad azdeg xdec ydec irefbeam
angle

aberration/cone ibeams ewav rnorm xdec ydec irefbeam

Description:. ABERRATION/(Seidel)
These commands put Seidel and similar aberrations into the beam distribution.

Modifier 1 Description Mathematical form
/ast/polar Astigmatism. r 2,
W(r,0) = ewav( HJ CoS (0 — azdeqg)
rnor
/ast/cartesian Astigmatism. 2 2
W(x,y) = ewavx( X m) +ewavy(—L
rnor rnor
/coma Coma. r 3
W(X y) = ewavx( m) cos(6 — azdeqg)
rnor
/focus Focus. 2
W(X y) = ewav( rn)
rnor
/sph Spherical. N
W(X y) = ewav( rn)
rnor
/tilt Tilt. r
W(X,y) = ewav( n)cos(e— azdeg)
rnor
/fold Folding. r
W(X,y) = ewav ( rr‘)COS(G - azdeg)‘
rnor
/cone Cone. WX, Y) = ewav r
rnorm
i GRIN.
/grin W(x, y) = deltangﬂl‘eXp
Ao
Modifier 2 Description
ast/polar Astigmatism in polar coordinates (default).
ast/cartesian Astigmatism in x- and y-coordinates.
tilt/runout Define the angle by the height of the tilt of the angle at radius rnorm.
tilt/angle Define thetilt angle in radians.
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ABERRATION/ZERNIKE

ABERRATION/ZERNIKE

Modifier 2 Description (Continued)

fold/runout Definethe angle by the height of the folding error at radius rnorm. Similar to tilt
except the absolute value of radiusis used.

fold/runout Definethefold anglein radians. Similar to tilt except the absolute value of radius
isused.

Numerical Values Description Defaults

ibeams Beam number (0 to select all beams). 1 tonbeam

ewav Aberration coefficient (waves). 0.

ewavx, ewavy X- and y-components of aberration (\coefficient (waves).

thetarad Tilt angle in radians.

azdeg Azimuth angle clockwise from top of beam (degrees). 0.

rnorm Normalization radius (cm). largest beam size

(XorY)

xdec, ydec Coordinates of aberration center. 0.,0.

irefbeam Reference beam number for wavelength. ibeams

ABERRATION/ZERNIKE Adds Zernike aberration. Aberration

Command Forms(s): ABERRATION/ZERNIKE

/rad/rotational
/sin/rotational
/cos/rotational
/rad/anamorphic
/sin/anamorphic
/cos/anamorphic

/number /(Modifer 3)

ibeams nrad coef rnorm rignore xdec ydec irefbeam
[(parameter)]

ibeams nrad mazi coef rnorm rignore xdec ydec
irefbeam [(parameter)]

ibeams nrad mazi coef rnorm rignore xdec ydec
irefbeam [(parameter)]

ibeams nrad mazi coef xnorm ynorm xignore yignore
xdec ydec irefbeam [(parameter)]

ibeams nrad mazi coef xnorm ynorm xignore yignore
xdec ydec irefbeam [(parameter)]

ibeams nrad mazi coef xnorm ynorm xignore yignore
xdec ydec irefbeam [(parameter)]

ibeams rnorm rignore xdec ydec irefbeam

Description: ABERRATION/ZERNIKE
These commands put Zernike aberrations into the beam distribution.

Modifier 2 Description

/rad Radial Zernike. W(r, 6) = R,(r)

/sin Sine Zernike. W(x,y) = R,,(r)sin(mo)
/cos Cosine Zernike. W(x,y) = R, (r)cos(m®)
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ABERRATION/ZERNIKE

ABERRATION/ZERNIKE

Modifier 2 Description (Continued)

/number Coefficients input by polynomia number. See fitzern Tables1 and 2.
Form:
Number Coef
Number Coef
noop

Modifier 3 Description

rot Rotational form of Zernike polynomials (default).

ana . , : ~ X ~ y
Anamorphic form of Zernike polynomialsand x = VY = , and

Xnorm ynorm
() ) =1
xignore ylgnore

Par ameter Description

standard Set of polynomials organized by radial order. All azimuthal terms are included
(default). See fitzern, Table 1.

fringe Set of 37 polynomials organized by polynomial order based on the sum of radial
and azimuthal orders. Used in many interferometric reduction programs. fringe
has more radial terms and fewer azimuthal terms. See fitzern, Table 2.

radial Set of radial polynomialsto 20th order. See fitzern, Table 3.

Numerical Values Description Defaults

ibeams Beam number (O to select all beams). 1 tonbeam

nrad Radial Zernike order, n. 0.

mazi Azimuthal Zernike order, m. (n-m) must be even and 0.
greater or equal to 0.

coef Zernike coefficient (waves).

rnorm Normalization radius (cm). Beam size

rignore Operation cutoff radius (cm). rnorm

Xnorm, ynorm Normalization coefficientsfor x- and y-coordinates (cm) Beam size

for anamorphic mode.

xignore, yignore

Operation cutoff coordinates (cm) for anamorphic mode. xnorm, ynorm

xdec, ydec

Coordinates of aberration center. 0.,0.

irefbeam

Reference beam number for wavelength. ibeams

Example of abr/zern/number

clap/c/c 1 20

abr/zern/number/standard 1 rnorm=20

11 1.2
22 -.5
noop
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ADAPT ADAPT

Add Zernike terms 11 and 22 (4th and 6th order spherical aberration from the standard set). The input
of Zernike terms is terminated when any GLAD command is entered. In this case, noop (no operation),
terminates data input.

ADAPT Adaptive mirror model. Component

Command Forms(s): ADAPT
adapt/apply kbeam xspace yspace

adapt/phaseplate kbeaml kbeam2 xspace yspace

Description: ADAPT

This command models an adaptive optic mirror using a bandpass model (see GLAD Theory Manual,
Chap. 15, theory.pdf). It is assumed that the actuators are evenly spaced in arectangular array. Xspace and
yspace define the separation of the actuator influence function. Spatial frequencies below
1/(2x Xspace) and 1/(2 X Yspace) areremoved.

The modifier /phaseplate creates a compensating phase plate in kbeam2 and leaves the incident
beam unchanged. Use an aperture in front of the adaptive optic to establish the shape of the phase plate.

Modifier 1 Description

/apply Apply adaptive optic correction (default).

/phaseplate Create a phase plate in kbeam?2 and |eave kbeam1 unchanged.
Numerical Values Description Defaults
kbeam Single beam number. 1

kbeaml, kbeam2 Kbeaml isincident and kbeam2 is phase plate.
Kbeam2 must be of attribute data.

xspace Actuator spacing in the x-direction.
yspace Actuator spacing in the y-direction. Xspace
Example

nbeam 2 data
clap/c 1 20
phase/random 1 .1 3 iseed=11; str 1
plot/w plotl.plt
title starting plot
plot/x 1 pmin=-1.2 pmax=1.2
if 0 then
adapt/apply 1 3 3
plot/w plot3.plt
title after correction
plot/x 1 pmin=-1.2 pmax=1.2
else
adapt/phaseplate 1 2 3 3
plot/w plot2.plt
title original (yellow) and phaseplate (green)
plot/x fi=1 la=2 pmin=-1.2 pmax=1.2
mult/beam 1 2
plot/w plot3.plt

Jump to: Theory , Examples 69



ADD ADD

title corrected (yellow)
plot/x 1 pmin=-1.2 pmax=1.2
endif
str 1

ADD Adds beams coherently or incoherently. Oper ator

Command Forms(s): ADD

add/coherent/con klbeam k2beam...klObeam icent jcent
add/coherent/res klbeam k2beam...kl0beam
add/incoherent/con klbeam k2beam...klObeam icent jcent
add/incoherent/res klbeam k2beam...kl0beam
add/coherent/factors klbeam k2beam rl il r2 i2
add/incoherent/factors klbeam k2beam fac

add/opl klbeam k2beam...kl0beam

add/vector klbeam k2beam...kl0Obeam

Description: ADD

Adds the contents of beams with numbers kbeam?2. . . k10beam to the contents of kbeam1. Under
the default scale method, /res, the units for beam k1beam are determined such that the field array
encloses the field arrays from all the beams being added. Data from the beam k1beam isincluded in the
summation. All field dataisinterpolated into beam k1beam. When the / con modifier is selected, the units
and beam center of beam k1beam is conserved (no rescaling).

Example of add/incoherent/factor s to make a gaussian dimple of irradiance

nbeam 2
gaussian/cir 1 1 20
gaussian/cir 2 .5 10

add/inc/factors 1 2 -1 # subtract irradiance of 2 from 1

plot/x/1i 1

Modifier 1 Description

/coherent Adds beams coherently into beam k1beam.

/incoherent Adds beams incoherently into beam kbeama.

/opl Adds beams coherently with absolute phase factor exp(jkz) into beam kbeama.
/vector Adds beams according to vector diffraction and allows high angle interference.

The rotation of the global coordinate commandsis considered, but not the
tranglation. The x- and y-components of the sum are placed in K1beam. The z-
component is placed in k2beam. Beams 3 to 10 are summed.

Modifier 2 Description

/con Conserves current units (default). Arraysto be summed need not match the
dimensions of the summing array. Decenter is allowed.

/res Permits rescaling when needed (not used for \vector).

/factor Add k2beam to k1beam with multiplication factor(s).
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ALIAS

ALIAS

Numerical Values

Description Defaults

klbeam

Beam array to which datais added. For /vector the x- and y-
components are summed into k 1 beam and the z-components are
summed into k2beam.

k2beam-kl0beam

Beams being added. For /vector beamsk3beam-k10beam
are added. for / factor only k2beam should be specified.

fac mult Multiplication factors for 1.
add/inc/factors (pixel-to-pixel): i(1) =i(1) + fac*i(3)
rl,11,r2,12 Multiplication coefficients for (1.,0.),(1.,

add/coh/factors (pixel-to-pixe): (1) =s(1) +(rl,il)*s(2), 0.)
p(1) =p(1) + (r2,i2)*p(2) where“s’ and “p” represent the
complex amplitudes of the respective polarization states.

icent, jcent

Offset of center for add/ . /con, jcent ismeasured positive 0, 0
downward (pixels).

ALIAS

Buildsatable of alias names. L anguage

Command Forms(s):

alias/add
alias/delete
alias/change
alias/list
alias/reset

Description: ALIAS

ALIAS
(Alias string) (Source string)
(Alias string)
(Alias string) (Source string)

This command controls a table of aliased character strings. See the declare command which is
especially designed for using variables. Any character string consisting of non-blank characters and not
exceeding 20 characters may be given an adias. The alias must also have no blanks and is limited to 20
characters. Commas may be substituted for blanks in the source string. The commas will be converted to
blanks during the command parsing which follows the alias substitution. The leading character should not
be a number. All variables are aliases of internal registers. See the variables command. =, ¢, Plank's
constant 7, the speed of light ¢, and the version number Ver are predefined aliases.

One of the uses of this capability is to provide mnemonic names for register variables. For example,

alias/add x y z Radius

setsx y ztobeanaliasfor Radius. Thealias must be prefixed by “@”. For example,

clap 1 @x_y =z

isequivaent to

clap 1 Radius

using the definition above. Alias preservesthe case of both character strings, so that for
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AMPLITUDE AMPLITUDE

alias Valx 1
alias ValX 2

thevaluesvalx and ValX are different.

Modifier 1 Description

/add Adds an diasto the table. A maximum of 99 aliases are allowed.

/del Deletes the aliased value from the table.

/list Lists the aliases and names (default).

/change Change the string assigned to the specified alias name.

/reset Deletes al aiases from the table.

AMPLITUDE Takessquareroot or real part of distribution. Operator
Command Forms(s): AMPLITUDE

amplitude/abs kbeam

amplitude/sqgrt kbeam

Description: AMPLITUDE

This command takes the square root of the real part of the distribution in kbeam. This function will
convert an irradiance distribution into amplitude form so that the existing plotting routines (the plotting
routines square the distribution before plotting) will give correct representation of the irradiance pattern.

The mathematical operationis

/abs 1/2
a(x, y) — {Red[a(x, y)a*(x, y)]}

/sqgrt
a(x y) — {Rea[a(x, y)a*(x y)1}*

where a(x, y) is the complex amplitude distribution and Real[] is the operator which takes the real part of
the distribution.

Modifier 1 Description

/abs Takes absolute value of complex amplitude.

/sqgrt Takes sguare root of absolute value of complex amplitude.
Numerical Values Description Defaults
kbeam Single beam number. 1
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ARRAY ARRAY

ARRAY Defines beam array size and polarization state. Begin-end

Command Forms(s): ARRAY

array/list ibeams

array/set/2d ibeams nlinx nliny ipol [(Attribute)]
array/set/3d ibeams nlinx nliny nlinz ipol [(Attribute)]
array/path (path name)

array/name (generic beam name)

array/attribute kbeam attribute [(Attribute)]
array/convert/polarize kbeam

array/convert/unpolarize kbeam

array/convert/2d kbeam

array/convert/3d kbeam nlinz

array/reset ibeams

array/variable/declare (name) kbeam # (label)

array/variable/list
array/variable/free (name)

Description:. ARRAY

Initializes the beam(s) array, array dimensions, and polarization status, and prints disk unit numbers
used to store beam arrays and array dimensions. This command will destroy the existing disk file for the
beams specified and create a new file. Calling array with an existing beam will erase all field data. At
program startup, all beam arrays are dimensioned 64 x 64 with one polarization state. Usually, nbeam and
array should be among the first commands called. The user may increase the number of data points on an
existing array by using nbeam and array to create anew beam file and copy to interpolate data into the
new beam array.

If the command noinit is entered into the STARTUP (no file extension) file, GLAD will suppress
fileinitialization, allowing the user to define the directory path name and the generic file name. This can be
used to put the beam files on a different directory or even a different disk. The generic beam name may be
used to avoid overwriting existing beam files which are being saved. The array must be initialized using the
array /set commandif noinit isused. Seenoinit.

Thearray isconsidered to be abeam array by default (attrib = 1). By specifying the attribute of the array
to be data (attrib = 2), the array is rendered nonpropagating. The axicon /radial command generates a
radial beam (attrib = 3). The axicon /annular command has attribute, attrib = 4. An annular beam with
areaweighted intensity is attrib = 5.

Thearray command reinitializesall beam dataexcept for wavel ength and refractiveindex. These may
be explicitly set by the wavelength command.

Modifier 1 Description

/list Printslocal file names used to store beam arrays and the array dimensions.

/set Initializes the beam(s) array disk unit, array dimensions, and polarization status.

/path Establishes path name for beam filesif they are not to be in the local directory.
Enclose namein single quotesto alow “ /” or other special characters.
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ARRAY ARRAY

Modifier 1 Description (Continued)

/name Defines generic beam file name. By default thisis beam. Enclose name in single
guotes for long paths and special characters. Thetota length of path and beam
names must not exceed 80 characters.

/attribute Specify attribute. Array has attribute beam by default. (attrib = 1).

/convert Toggles between N x M x 1, 2D polarized array and N x M x 2 for non-polarized
beam. Allows the use of sections to address the polarization states separately.

/reset Reset geodata, zref £, global datawithout changing beam size. Useful in
macros to reinitialize the beam.

/variable Declares, lists, or frees variable assignments to arrays. Many commands will
display any variable assignments rather than arrray numbers.

Modifier 2 Description

set/2d Two-dimensional array with transverse dimensions x and y.

set/3d Three-dimensional array.

convert/2d Convert from N x M x L to N x ML, where L represents the number of z-

sections.

convert/3d Convert from N x M to N x M/L x L, where L represents the number of z-

sections.

convert/polarize Convert from N x M x 2, unpolarized, N x M x 1 polarized.

convert/unpolarize ConvertfromNXx M x 1, polarized to N x M x 2, unpolarized.

variable/declare Declare avariable assignment for an array number.
variable/list List variable assignments for array numbers.
variable/free Free the variable assignement to the array.
Numerical Values Description Defaults
ibeams Beam number (O to select all beams). ltonbeam
kbeam Single beam number. 1
nlinx Array dimension in x-direction, must be of form 2", Required
nliny Array dimension in y-direction, must be of form 2. nlinx
nlinz Array dimension in z-direction, must be of form 2V, 1
ipol Determines polarization state, 0
0, one polarization state
1, two polarization states
attribute Attribute number. Can also be specified by attribute name.
Parameters Description
(name) Name of the variable.
(label) A comment after “#” to be used as alabel for the array variable.
Attribute Description
beam Array represents the complex amplitude of an optical beam and may propagated.

Thisstateislisted asattrib=1in status /p listing. (attrib = 1).
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Attribute Description (Continued)

data Array represents non-beam data and can not be propagated by either prop or
dist. Thisstateislisted asattrib=2in status /p listing. (attrib = 2).

radial Radial beam for axicon commands. (attrib = 3).

annular Annular beam with normal intensity. (attrib = 4).

annular?2 Annular beam with area weighted intensity. (attrib = 5).

circular One-dimensional array representing rotationally symmetrical beam. (attrib = 7).

Three dimensional arrays may be defined with the modifier /3d. The three dimensiona arrays consists
of nlinz X-Y sections. The ordinary two dimensional array operations may be used on three dimensional
arrays with the specific section defined by set /section section. The copy /res, and copy/con will
copy all sections. Use copy /section to copy a specific section of one beam to a different section of
another without presetting the section numbers. clear will set only the current section. If clear iszero,
all sectionswill be set. Here is an example of some simple 3D beam operations:

array/s/3d 1 32 32 2 # define 3d array
set/section 1 0 # define 0 section for clear command
clear 0 2 # clears entire 3d array to 2
set/section 1 1 # set section to 1

clap/c/c 1 10 # apply clear aperture

intmap 1

set/section 1 2 # set section to 2

clap/c/c 1 5 # apply different clear aperture
intmap 1

array/convert # convert to polarized array
plot/ell # show array as elliptical polarization

AUTOCORRELATION Calculates autocorrelation. Operator

Command Forms(s): AUTOCORRELATION

autocorrelation kbeam

Description: AUTOCORRELATION

Calculatesthe autocorrelation of the array. Note that the irradiance value of the autocorrelation function
is not meaningful. Use real and imaginary displays to display the autocorrelation function. For example,
plot/liso /real.

Numerical Values Description Defaults

kbeam Single beam number. 1

AXICON Axicon elements. Component
Command Forms(s): AXICON

axicon/radial/left/focal kbeam radius [(Parameter)]
axicon/radial/right/focal kbeam radius [(Parameter)]
axicon/radial/left/afocal kbeam radius zshift [(Parameter)]
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Command Forms(s): AXICON (Continued)

axicon/radial/right/afocal kbeam radius zshift [(Parameter)]
axicon/annular/ (left or right) kbeam

axicon/annular/ (weight or unweight) kbeam

axicon/axial/left kbeam radius zshift
axicon/axial/right kbeam radius zshift

Description: AXICON

The axicon command controls a number of operations associated with axicons. The axial beam
maybe treated in unfolded form asillustrated in Fig. 3.

Normally beams propagate as “pencils’ of light with a well defined optical axis. This condition is
referred to as axial mode. Axicon mirrors can transform axial beams into radialy (or nearly radialy)
propagating beams. A radius is specified for the exiting radius of the radial beam. GLAD propagates the distance
past the cone tip and then does a geometric transformation. to the radial mode. After an axial beam hits an axicon,
the optical axisis split into a plane perpendicular to the original axis. This condition is referred to asradial
mode. See Fig. 4.

SeeFig. 5. Inthe general case, an axicon will operate on abeam in radial mode to produce a beam with
the optical axis transformed into a cylinder. Thisis referred to as annular mode. See Fig. 6. An important
special caseiswhen the radius of the cylindrical axis of the annular beam degeneratesinto the optical axis.
This case constitutes areturn to axial mode.

Axicons may be designated as left or right axicons depending on whether the tip points left or right
respectively (see Fig 7). There are two general types of axicon calculations focal and afocal, selected
by the parameter. In afocal operations, it is assumed that the beam is collimated and there is no
fundamental difference between annular propagation and axial propagation. The choice of left or right
axicons for return from radial mode is arbitrary and the axicons may be shifted along the axis.

In afocal operation, the radial mode is always returned to axial mode, with the complex amplitude
calculated correctly but without maintaining the cylindrical axis. In afocal operation the geometric radius of
curvature is not necessarily correctly propagated through an axicon system. Not only may axicons be
selected arbitrarily with left or right orientation but the axicons may be shifted forward or backward along
the axis. See Fig. 8.
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output intensity after axicon

computer array for
cylindrical wave region
computer array for com-
pact region
input intensity from 1
compact region

o

obscuration from

blunt tip

Fig. 3. Theaxicon /radial command maps zonesin the compact beam path into the cylindrical wave
representation of radial mode and vice versa. The compact beam may be represented by a conventional square array.
Theinner zone 2 must be greatly stretched, reducing the intensity substantially. Thetip of the zone can not be treated.

Jump to: Theory , Examples 77



AXICON
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Zreff

axicon exit radius

axicon exit radius

Fig. 4. A radiusis specified for the exiting radius of the radial beam. GLAD propagates the distance past the cone

tip and then does a geometric transformation. to the radial mode.

Y AXIS

=
T

Fig. 5. An axicon mirror splitsthe optical axis of an axial
beam into a plane perpendicular to the axisin forming a
radial beam.

as an axial beam.
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left cone right cone

Fig. 7. Axicon mirrors are divided into left and right forms depending on which way the apex points. GLAD locates
the axicon at with the apex at the current zref £ position.

cone 2

< cone 1

shift

Fig. 8. The position of the optical axisin radial mode is established at the apex of Cone 1 (unless zshift is
specified). Cone 2, to return from radial mode, may also be shifted. Zshift appliesonly to afocal operation.

Jump to: Theory , Examples 79



AXICON AXICON

Infocal operation, beams may be converging or diverging and the geometric radius of curvatureis correctly
propagated, as shown in Fig. 9. focal operation isthe default condition for axicons. For abeam in radial
mode, the command axicon/axial will calculate the location and left or right orientation necessary to
return the radial beam to an axial beam. GLAD keeps track of the parity change at each mirror in order to
determinethe correct axicon orientation. Inradial mode, zre £ £ ismeasured with respect to the optical axis,
asshownin Fig 10.

Fig. 9. A noncollimated beam may be propagated correctly in focal operation. The divergence of the beam is
propagated through the system and leads to atoroidal wavefront in annular mode.

A specid command axicon/annular is provided to generate annular beams. In annular mode,
beams may have optical power which causes the beam to converge or diverge with respect to the cylindrical
optical axis. A beam in annular mode may be returned to radial mode by axicon.eps/radial. In
annular mode, the intensity of the beam may be weighted by the area by the /weight modifier and
unweighted by the /unweight modifier. Noncollimated beams in annular mode should be weighted
before and unweighted after propagation through a ring focus to properly maintain energy conservation. In
annular mode, zref £ ismeasured parallel to the original optical axis but offset by the radius of the annular
optical axis, as shownin Fig. 10.

Axiconsrequire specia consideration of nonuniform irradiance and polarization disruption. The axicon
remaps the irradiance in nonuniform fashion. See Fig. 3. From geometrical theory, intensity in each zoneis
changed by theratio of the radius of that zone before and after the axicon. In propagating from an axial beam
to aradially expanding beam, al axial zones are converted to zones in the radial beam with identical radii.
This causes inner zones in the axial beam to have greatly reduced intensity in the radial beam. The process
isreversed in converting radial beamsto axial beams. Zonesin theradial beam which are converging to the
axicon tip have high intensity in the axial beam. In principle the intensity of the axial beam goes to infinity
at the axicon tip after conversion from aradial beam. In reality, diffraction will cause the “hot tip” effect to
spread. In converting from axial to radial mode or vice versa, GLAD requests specification of afinite radius
of the radial beam. For axial-to-radial conversion the final statein radial modeis set at the specified radius.
For radial-to-axial conversion, the beam is propagated in radial mode to the specified radius and then
converted.
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In axial mode, the variable Zre f £ represents the position along the axis. This may be displayed by
thezref £ command. Inradial mode, Zre £ £ representstheradial distance from the optical axis. In annular
mode, Zref f represents the position along the axis.

The aberrations associated with decenter or tilt of axicons and toroidal mirrors in radial mode may be

treated by using the aberration/radial/decenter and aberration /radial/tilt
commands.

axial mode radial mode radial mode annular mode

axis | | axis

Fig. 10. In focal operation the reference position is measured radially with respect to the optical axisin radail
mode. Fig. () showsthe axial mode with zref £ = 0totheleft. In Fig. (b) zref £ is measured with respect to the
optical axis. The center of curvatureisshifted negatively. In Fig. (c) the beam has expanded to the next axicon mirror.
InFig. (d), zref £ ismeasured along the optical axis. The position zref £ = 0 is has been displaced by the radius
of the annular axis with respect to the optical axis.

In radial mode, the cylindrical wavefront is represented on a square array by cutting the cylindrical
wavefront at the top, flattening it, and pasting it onto the square array. The complex amplitude distribution
is represented by a square array similar to the representation of the usual axial mode except the positive x-
direction now represents positive projection along the axis and the y-direction represents the azimuthal
direction with the center of the y-direction corresponding to the top of the cylindrical wavefront and the
positive y-direction corresponding to clockwise rotation. The cylindrical wavefront is made to completely
fill the square array in the vertical array so that the wrapping behavior of discrete Fourier transforms
correctly treats the problem of cylindrical wave propagation. In annular mode, the same form of numerical

representation is used athough, unlike the cylindrical wave, some error in diffraction propagation existsin
the azimuthal direction.

Modifier 1 Description

/radial Converts from axia or annular mode to radial mode. (attrib = 3).

/axial Converts from radial mode to axial mode, selecting the appropriate axicon to
matches the radial axisto aconventional axis. (attrib = 1).

/annular Convertsradial modeto annular mode. The radius of axicon which convertsradial

to annular mode is determined by the current distance of the radial beam from the
axis. Thisis zref £ and may be displayed by the zref £ command. (attrib = 4).

Modifier 2 Description
/left Select axicon with tip pointing to negative axial direction.
/right Select axicon with tip pointing to positive axial direction.
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Modifier 2 Description (Continued)

/weight Weight the intensity in annular mode by the area of the annular zone. (attrib = 5).

/unweight Restore unweighted intensity. (attrib = 4).

Modifier 3 Description

focal Beam may be noncollimated and geometric radii are preserved (default). Beam
may bereturned to axial modeonly by usingaxicon /axial andletting GLAD
select the correct axicon orientation and position to properly convert the radial
axisto asimpleline axis.

afocal Assumes beam is collimated and does not preserve geometric radii. Beam may be

restored to axial mode by any second axicon.

Numerical Values

Description Defaults

ibeam

Beam number (0 to select all beams). 1ltonbeam

radius The exit radiusin radial mode to end axicon conversion
foraxicon /radial ortobeginaxiconconversionfor
axicon/axial.
zshift Trandation of the axicon along the axis for afocal
operation.
Parameter Description
mirror Implements the axicon including the effects of a mirror (default).
nomirror Implements the axicon except that the mirror reflection is not included.
BEAMS Turns on/off beamsfor global commands. Propagation

Command Forms(s):

beams/list
beams/all/on
beams/all/off
beams/on
beams/off

BEAMS

ibeams

kl1...kn
kl...kn

Description:. BEAMS

This command controls which beams are to be propagated with the global commands. If abeam is
set on, it will be propagated. If it is set off, it will not be propagated. Beams may be set to attribute “ data’
so that they will never be propagated and the beams control is not needed. See the array command.

Modifier 1 Description

/list Lists operational status.

/all Sets all beams on or off depending on second modifier.
Joff Sets the beams whose numbers are listed off.

/on Sets the beams whose numbers are listed on.
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Modifier 2 Description

/on Used with beams/all. Setsall beams on.

Joff Used with beams /al1l. Setsall beams off. Useful to turn on only one beam.
For example:
beams/all/off
beams/on 7 # turns on beam 7

BEER Beer'sLaw saturated gain. Laser gain

Command Forms(s): BEER

beer/prop ibeams z nstep

beer/noprop ibeams z

beer/dist ibeams z nstep

beer/nodist ibeams z

beer/set/gauss g0 es g nx ny xrad yrad xdec ydec rp
beer/set/invgauss ig0 inx iny ixrad iyrad ixdec iydec
beer/set/cosh g0 es g ny xrad yrad xdec ydec
beer/list

Numerical Values Description Defaults
ibeams Beam number (O to select all beams). 1 tonbeam
k1l...kn List of up to 8 beam numbers to be turned on or off.

Description: BEER

Applies Beer's Law to beams ibeams and propagates a distance of z cm in nstep steps. (See aso
gain. Use beer/set to define the necessary coefficients, beer/1ist to list the coefficients, and
beer/prop to carry out the propagation. The gain may be limited in the transverse dimensions by a
supergaussian roll-off or an inverse supergaussian roll-up. Alternatively the apodization of the small signal
gain may have a “cosh” form in the x-direction and exponential form in the y-direction. The saturation
parameter requires the solution of a differential equation for each point in the array. If no apodization
functions are specified, GLAD recognizes that al pointsin the array have the same behavior and builds an
interpolation table that speeds calculation times.

The supergaussian roll-off allows representation of afinite gain region. The inverse supergaussian roll-
up may be used with the supergaussian roll-off to model the case of lower gain in the center of the beam.
The /cosh function givesroll-up in the x-direction and roll-off in the y-direction.

Also seegain/sheet for additional Beer's Law capabilities.

Modifier 1 Description

/prop Execute Beer's Law kinetics and propagation (using prop agorithms).
/noprop Beer's Law without diffraction propagation.

/dist Execute Beer's Law kinetics and propagation (using dist agorithms).
/nodist Beer's Law without diffraction propagation (same as /noprop).

/set Sets parameters for Beer's Law.
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Modifier 1 Description (Continued)

/list List the Beer's law parameters which are stored.
Modifier 2 Description

/gauss Supergaussian roll-off of small signal gain.
/invgauss Inverse supergaussian roll-up of small signal gain.

Small signal gainfor /gauss and /invgauss

For ny > 0 and iny > 0 the rectangular supergaussian form is used

g% y) = -
% eXp[—(X_X—dec) o (t@) ZHYH 1-igoexp [—(X—_ iXdeC) 2imx (y —iyde c) ZiHYJ }

xrad yrad ixrad iyrad

If ny <0 and iny < 0 the élliptical supergaussian formis used

g(xy) = (4)
X — xdec)? y—ydec 2qnx . X—ixdec)? [(y-iydec)?]in*

goexp{[—( xrad ) _( yrad ) J }(1—190 exp{[—( Txrad ) —( iyrad ) }

Small signal gainfor /cosh

o - (1292 (V=220 g

Saturated gain for all operations

9%y _
[“ X :}Q, t(x,y) = exp[gsat(x, y)Z] (6)

E

gsat(x,y) =

S

where g(x, y) is the local small signal gain, gsat(x,y) is the local saturated gain, t(x,y) is the loca
transmission, Q is the saturation exponent (Q = 1 for homogeneous and Q = 0.5 for inhomogeneous), and
I(x,y) isthefluence or power at (X, y). The other parameters are defined in the table of numerical values.
The factor rp alows the gain for the two polarizations to be different:
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BELL
X,
gsats(xr y) = 90( y) (7)
1+ (% y)[Is(x, y)+rlp(x, V)1
rgo(X,
gsatp(xa y) = gO( y) (8)
1+ (% y)[Is(x, y)+rlp(x, V)]

where gsat(x, y)s and gsat(x, y), are the gain coefficients for the s- and p-polarizations, r is the relative
significance of the p-state (nominally), and I4(x, y) and 1,(x,y) are the intensities of the respective

polarizations.
Numerical Values Description Defaults
ibeams Beam number (0 to select all beams). 1 tonbeam
Z Total propagation distance (cm). 0.
nstep Number of steps. 1
go Small signal gain. 0.
es Saturation fluence. 1000.
q Saturation exponent: 1 for homogeneous, 1/2 for 1.
inhomogeneous.
nx, ny Supergaussian exponents. Elliptical form of ny < 0. 20
xrad, yrad Supergaussian radii. 1e20,1e20
xdec, ydec Coordinates of supergaussian gain center. 0.,0
igo Relative inverse small signal gain factor. 1.
inx, iny Inverse supergaussian exponent. Elliptical formof iny <0. 20
ixrad, iyrad Inverse supergaussian radii. 1e20, 1e20
ixdec, iydec Coordinates of inverse supergaussian gain center. 0.,0.
rp Polarization discrimination factor. 1.
BELL Rings bell. Language
Command Forms(s): BELL
bell times
Description: BELL
Rings bell on computer specified number of times.
Numerical Values Description Defaults
times Number of timesto ring bell. 1
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BINARY Binary optics. Component

Command Forms(s): BINARY

binary/grating/surface kbeam period level nlevels azdeg phase

binary/grating/phasescreen ibeams rindex period level nlevels azdeg
phase

binary/lens/surface kbeam xrad yrad level nlevels

binary/lens/phasescreen ibeams rindex xrad yrad level nlevels

binary/lens/residual ibeams rindex xrad yrad level nlevels

binary/surface kbeam level nlevels

Description: BINARY

This command implements binary gratings and lenses. The binary surface may be constructed with the
/surface modifier or implemented directly as a phase screen. The binary surface may be implemented
later as a phase screen with the int2phase, int2waves, or sfocus command. The binary surface
may be plotted asirradiance.

Modifier 1 Description

/grating Binary linear grating.

/lens Binary lens.

/surface Form binary optic from current irradiance distribution. See Fig. 11.

Modifier 2 Description

/surface Creates a surface array containing the surface profile. Use int2phase to
implement the surface function as a phase screen.

/phasescreen Implements the binary optic directly into the array(s) (default for grating).

/residual Implements a binary lens with the basic phase radius of curvature treated as a

standard lens plus residuals. This enablesthe binary optic to be incorporated with
the standard propagation control algorithms (default for lens).

Numerical Values Description Defaults
ibeams Beam number (O to select all beams). 1 tonbeam
kbeam Single beam number. 1

rindex Index of refraction for /phasescreen or /residual. 1

period Period of the grating.

xrad, yrad Radii of curvature for lens. le20, xrad
level Height of the surface profile (asymptotic).

nlevels Number of sublevels per major level.

azdeg Azimuth angle in degrees, counter-clockwise from vertical. 90

phase Phase shift (degrees) of grating per period.
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Fig. 11. A surface divided into major levels of thickness (A/(n - 1)) and into 8 sublevelsto create abinary optic. The
major levels, of height L, may be subtracted without optical effect at wavelength 4, i.e., by removing the hatched
areas. The sublevels produce some diffractive loss into high angle scattering. Note that the maximum height of the
binary opticis [(N-1)/N][4/(n-1)], where N is the number of sublevels. The mathematical description of the
binary optic surfaceis S'(x,y) = (L/Nymod{|((Ns(x, y))/L) - NI(1/N)L ((Ns(x, y))/L)], N}, optical phase induced
= ((2r)/ A)(N=1)S' (X, Y) where|_ isthe least integer function (rounds down to next integer value).

BLOOM Atmospheric thermal blooming. Aberration

Command Forms(s): BLOOM
bloom/set

bloom/list
bloom/altitude
bloom/prop

Description. BLOOM

Bloom isthe genera thermal blooming command. Parameters may be set by bloom/set and listed
by bloom/1list. The GLAD feature set is required. The propagation including blooming phase errors,
fitting of tilt and focus errors, and diffraction propagation is accomplished by bloom/set. Target
parameters are set by the target command.

To set the parameter, call bloom/set before calling any other b1 oom commands.
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Modifier 1 Description

/set Set boom parameters.

/list List bloom parameters.

/altitude Define altitude.

/prop Implement propagation with thermal blooming.

BLOOM/ALTITUDE Sets altitude information for BLOOM. Aberration
Command Forms(s): BLOOM/ALTITUDE

bloom/altitude/set height

bloom/altitude/list

Description:. BLOOM/ALTITIDE

This routine establishes values for the atmosphere based on the U.S. Standard Atmosphere and on
absorption values based on published data by Woods, et. al. Values set are temperature, relative pressure,
relative temperature, density, heat conductivity, and absorption of CO,, H,O and aerosols.

References
1.  Frank J. Regan, An Atmosphere Model, ACCESS Vol. 6, No. 6, p33 (1987), author may be reached
at Naval Surface Weapons Center, White Oak Laboratory, Silver Spring, Maryland 20903-5000.

2. U.S. Standard Atmosphere 1976, National Oceanographic and Atmospheric Administration,
Washington D.C. (1976).

3. A.D.Woods, M. Camac and E.T. Gerry, Appl. Opt., Vol 10 p1877 (1971).

Modifier 1 Description

/set Define and store Beer's law parameters.

/list List parameters.

Numerical Values Description Defaults

height Height in the atmosphere (km). 1.

BLOOM/PROP Propagate with thermal blooming. Aberration
Command Forms(s): BLOOM/PROP

bloom/prop/xy/(modifier 3) ibeams z nstep relwind
bloom/prop/xonly/(modifier 3) ibeams z nstep

bloom/prop/fft/(modifier 3 ibeams z nstep

Description:. BLOOM/PROP
This routine propagates a beam under conditions of therma blooming. The routine calculates the
temperature rise and the phase perturbations as described in the GLAD Theory Manual, Chap. 13,
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(theory.pdf). The computation of the temperature rise isthe most difficult part of the problem. The equation
tobesolvedis

7

a | ™

AT(XYy) = _p—ij 1-ce “|I(X-v, 7, y—vcyr)dr, (9)
o total atmospheric coefficient = oy, ,0+ @co,
P density of air 1.226 kg/m
Cp specific heat 1017 JkgK,
T time variable,
™, time constant of nitrogen for kinetic cooling,
Ve Ve crossing velocity (see target command),
o kinetic cooling factor, from GLAD Theory Manual, Chap. 13, Eq. (13.10) (theory.pdf).

The phase is calculated from the equation below

0 = o~ 17950z, (10
Ny Ny istheindex of refraction air at STP,
P Relative pressure,
Ty Relative temperature with respect to 288°K,
AT Temperature rise due to absorption,
T Temperature of the atmosphere,
Az Propagation step length,
A Wavelength.

There are three basic forms in which the calculation may be performed. We shall use two constantsin
each case:

2
C= _7’°(n0 )—Az (11)

(12)

Command: bloom/prop/xy
1) Convert from complex amplitude to intensity and phase

A(x, ) = 1(x, y)e VY (13)
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2) Calculate wavefront change

T . __T
min TN
W(x, y) = Z C[l—e 2}I(x—vxcr, y—vycr)Ar (14)
T=0

3) Convert from intensity and phase to complex amplitude

1(x, y)e VY 5 Ax, y) (15)

This is the default method and is considered the most reliable. Use the relwind vaue to limit the
integration to the center rectangle of the beam to reduce the calculation time if the beam is significantly
underfilling the array.

Command: bloom/prop/xonly

If the crossing velocity is strictly along the x-direction considerable speed improvements are possible. The
thermal blooming and kinetic cooling are based on two sums taken over the array. The code scans in the x-
direction than the y-direction because datais stored contiguously along the rows. Theintermediate sumsare:

Intensity sum

0
Suml = > H(x= KAX) (16)
K= -

Kinetic cooling sum with temporal decay

kAT
o
Sumz2= % e 21(x— kAX) a7
k:—oo
Represented as a series

_Az _Az _Az

TN2 TN2 TNZ
sum2=e 2lI(Ax)+e 2|I(x—Ax)+e [I(X—ZAX)+...} (18)

The exponentials may be eliminated by using an intermediate value

Sum2 = rfaC[I(Ax) + rfac[l(x—Ax) + rfac[l(x—ZAx) + ...ﬂ]where Mfoc = € - (19)
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The computer coding takes the form

SUM2 = r¢, [1(X) + Sum2] (20)

¢ = CAT(Suml - ocSum2) (21)

Command: bloom/prop/fft

The temporal integration may be performed in the frequency domain. This method avoids the spatial
domain shifting which is rather time consuming. The Fourier method is derived below:

T

0 _r
™N
j [16e 2Jl(xvxr, y-v,7)dz, (22)
Tmin
— 0 __T
1 TNZ j2n(gv, T+ v, 1)
= FF j 1-ce °|FF[l(x y)]e Ydr|, (23)
L %min
o T
1 TNZ j2n(Sv, T+ nvyr)
= FF j 1-oe “|I(& n)e dr|, (24)
L Zmin
0 . +j2m(gv, T+ nvyr)
1 j2n(év r+ Ny 7) TNZ
= FF | [ |1(& me - ol(& me dz| (25)
Tmin
r r 7—L+j2n(§v + V) T\ | ]
TNZ X y/ *min
1 j2n(Sv, + ”Vy)Tmin V[le J
= FFY FR[I(x y)]| =2 (26)

j2m(Svy + 77Vy) Tmin  _ % +j2m(év, + 77Vy) Tmin
2

We choose 7, to be the time that results in the beam being 1/4 of the array width from the center.
Choosing a larger value will result in “wrapping” of the intensity distribution. There is still some slight
wrapping with the current algorithm. Wrapping effects are minimized by windowing the intensity
distribution to the inner one-half rectangle. Some slight wrapping is still evident. Upon completion of the
blooming step, the scratch array containsthe heating profile. Thismay be observed by using intmap /abs

-1. Thescratch array may also beexamined by copy -1 kbeam, where Kbeam isanother array, however
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BLOOM/SET

the other diagnostic routines will square the array before displaying it which isinappropriate for the heating

profile.

The phase calculations are followed by an internal call to £itphase to remove tilt and focus error and
to invoke a diffraction propagation. If Nstep is specified then successive steps of kinetics and diffraction

will be used—each of length Z/Nstep.

Modifier 3 Description

/fitphase Fit and remove defocusand tilt to phase at each propagation step. Tilt and decenter
terms are included in paraxial values accessible from defocus andtilt
commands. Defocus correction isincorporated into geodata values (default).

/nofitphase Turns off phase fitting. Useful if the beam has become so broken up that thereis

no clear value for overall tilt or defocus.

Numerical Values Description Defaults

ibeams Beam number (0 to select all beams). 1 tonbeam

z Propagation distance. 0.

nstep Number of stepsto use in propagation. 1

relwind Relative window bloom/prop/xy. 1.

BLOOM/SET Set atmospheric blooming parameters. Aberration
Command Forms(s): BLOOM/SET

bloom/set

xvelocity yvelocity height ah2o temp aco2 tn2 rind dens
conduc spcheat aaer prel trel

Description. BLOOM/SET
Meaning of parameters are defined with bloom/prop command.

Numerical Values Description Defaults
xvelocity, Velocity components of wind (m/sec). 0.,0.
yvelocity

height Height in the atmosphere (km). 1.

ah2o Water absorption coefficient (1/km). 0.001
temp Air temperature (Kelvin). 281

aco2 CO, absorption coefficient (1/km). 0.03

tn2 Time constant for N, (sec) (affects kinetic cooling). 0.002
rind (n-1) where nistheindex of air. 2.74%x10%
dens Density of air (kg/m®). 1.226
conduc Conductivity of air (w/mK). 0.02525
spcheat Specific heat (JkgK). 1017

aaer Aerosol absorption coefficient (1/km). 4.365%x1073
prel Relative air pressure. 0.887
trel Relative temperature. 0.981
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BREAK BREAK

BREAK Implements a break point for debugging. Language

Command Forms(s): BREAK

break/set
break/continue
break/info
beak/clear

Description: BREAK

Implements a break point in a macro or batch file. When GLAD reads break/set, it switches to
terminal input. Entering break /cont inue will cause GLAD to continue processing commands after the
break point. Thisis useful for interrupting command processing to determine the status of the calculation.
Calling amacro or reading from another file will cause the break point to be lost.

Modifier 1 Description

/set Sets a break point for subsequent return.
/continue Returns to the last set point.

/info Shows current real levels. Thesameas read/info.
/clear Clear the break point.

Input file: breakl.inp

#

# Test break from input deck
#

echo/on

color

read/info

pause

# enter 'break/cont' to return
break/set # break 1

units

read/d break2.inp

Input file: break2.inp

status
read/info
# enter 'break/cont' to return
break/set # break 2
wavelength
macro/def step/o
count = count + 1
if count=3 then
# macro inside break2.inp
read/info
pause
# enter 'break/cont' to return
break/set # break 3
endif
macro/end
macro/run step/4
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C CorCC

C,CC,or COMMENT Line comment (displayed in output Language
Command Forms(s): C

C/define (comment string)

Cc/format (Type) iwidth idec

C/write

CC/define (comment string)

cc/format (Type) iwidth idec

CC/write

Description: C or CC

The command C (upper case “C”") or comment define a comment that is displayed during execution.
Note that ¢ (some string) (lower case “c” or “$” followed by at least one space) defines a non-displayed
comment (see Sect. 1.4.2.3).“//” actsthesameas“c “. Both“#’ and “//” may be used to define the start
of anon-displayed comment and the remainder of thelinewill beignored. Comments“c {“ and“c}” define
comments that start and end indent blocks respectively.

Variables may be used in displayed comments. Preceed the variable by “@”. For example:

comment distance = @z
or

C distance = @z

will display the current value of z in the comment. The variables values are automatically updated.
CcC isthe same as C except that it prints even if writing is turned off.

Modifier 1 Description

(no modifier) Defines(/define) and writes (/write) acomment.

/define Defines a comment without writing.

/format Establishes the format of real displayed values. The formats are based on Fortran
conventions: F(iwidth).(idec), fixed floating point number of Width total characters and
Dec numbersto the right of the decimal point; 1PE(Width).(Dec) creates a number with
an exponent; 1PG(Width).(Dec) writesin fixed floating point format if the numbers will
fit the width or numbers with exponent otherwise. If no format is specified, the current
format is printed.

/write Updates and displays the most recently defined displayed comment.
Character Sring Description

comment string Character string to be used as in comment.

Type Real dataformat type. “f”, “g", or “€".

Numerical Values Description Defaults
iwidth Total width of thereal format. 12
idec Number of digits to the right of the decimal point. 4
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CLAP CLAP

C/format e 12 6
C pi =e@pi, h = eh
Result: ¢ pi = 3.1416E+00, h = 6.6260E-34

CLAP Implementsa clear aperture. Component

Command Forms(s): CLAP

clap/cir ibeams rad xdec ydec azdeg [(parameter)]
clap/sqr ibeams rad xdec ydec azdeg [(parameter)]
clap/ell ibeams xrad yrad xdec ydec azdeg [(parameter)]
clap/rec ibeams xrad yrad xdec ydec azdeg [(parameter)]
clap/hex ibeams rad xdec ydec azdeg [(parameter)]
clap/pentagon ibeams rad xdec ydec azdeg [(parameter)]
clap/gen

Description: CLAP

Setsaclear aperture of radius or half-width xrad and yrad (cm) for beam(s). The apertureis centered
at (xdec, ydec)[cm]. When the aperture radius isinside the beam radius, GLAD will compute a new waist
position and size for the beam. Also, see obs for obscurations.

Modifier 1 Description

/cir Circular aperture.

/ell Elliptical aperture.

/sqr Square aperture.

/rec Rectangular aperture.

/hex Hexagonal aperture, pointed ends are in the vertical direction.

/pentagon Pentagonal aperture. Upper face is horizontal.

/gen General aperture.

Modifier 2 Description

/con Conserves current units, surrogate gaussian may reset (default except in resonator
mode).

/noadjust Conserve current units, do not reset surrogate gaussian. Always selected in
resonator mode.

/res Permits rescaling when needed.

Numerical Values Description Defaults

ibeams Beam number (0 to select all beams). Accepts pattern. 1 tonbeam

rad Radius of aperture. Half-width for square, rectangular, or
hexagonal. Center to corner distance for pentagonal.

xrad, yrad Radius or half-width x, y (cm). Half-width for square or
rectangular.

xdec, ydec Coordinates of aperture center relative to the beam. 0.,0.
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CLAP/GEN CLAP/GEN

Numerical Values Description (Continued) Defaults
azdeg Azimuthal rotation of aperture. Implemented by an

internal call to rotat ion and involvesan interpolation

step. The rotation angle is measured clockwise from

vertical. Therotation is performed after any decenters.

Parameters Description
beam clap Aperture is defined in beam coordinates (default).
vertex Apertureisdefined in vertex coordinates. Beam is propagated to the vertex before

applying aperture (if beam attribute allows propagation: attribute beam or
axicon The projected size of the aperture on the beam transverse planeis
applied to the beam. Note that vertex rotations obey the right hand rule, but that
azdeg is measured clockwise as defined above.

CLAP/GEN Implements a clear aperture of general shape. Component

Command Forms(s): CLAP/GEN

clap/gen/screen ibeams xdec ydec xscale yscale theta [verify]
clap/gen/disk (Filename) ibeams xdec ydec xscale yscale theta
[verifyl

Description. CLAP/GEN

The genera aperture is defined by specifying a series of points that generate a polygon. The command
parameters can be used to offset, rescale, and rotate the polygon to fit the required size and position of the
current beam. The x-coordinate of point is Xo(i) = Xdec + X(i) * Xscale. If arotation angle is specified, the
rotation is counterclockwise about the centroid of the data points.

The genera aperture data has the format

npts
x(1),y(1)

x (npts) ,y (npts)

where: npts = number of data points.

Modifier 2 Description

/screen Reads from screen.

/tty Same as / screen. Obsolete.

/disk Reads from file.

Character Sring Description

Filename Local file containing datato define general aperture.

null No local file. Used to alow specification of verify asthe second parameter
when no file name is specified.
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CLEAR CO2GAIN

Numerical Values Description Defaults

ibeams Beam number (0 to select all beams). 1 tonbeam

xrad, yrad Radius of aperture (cm). Required

xdec, ydec Decentering parameters. 0.,0.

xscale, yscale Scale factors. 1.,1.

theta Rotation angle (deg). 0.0

Parameters Description Defaults

verify Enables viewing aperture with orthographic plot. Does Not selected. Aperture
not apply aperture to beam. isapplied.

CLEAR Reset all pointsin array. Begin-end

Command Formg(s): CLEAR

clear/intensity ibeams value

clear/complex ibeams real imaginary preal pimaginary

Description:. CLEAR

Sets all points in the beam array with an intensity defined by value. Other beam parameters such as
units and geometric factors are not changed. For 3D beams, setting the section number to zero in advance
will cause clear to set al sections.

Modifier 1 Description
/intensity Set intensity to indicated value (default).
/complex Set complex amplitude to indicated values.
Numerical Values Description Defaults
ibeams Beam number (0 to select all beams). 1 tonbeam
value Intensity to be set. 0.0
real Real part of complex word for /complex. 0.0
imaginary Imaginary part of complex word for /complex. 0.0
preal Real part of complex word of 2nd polarization state. 0.
pimaginary Imaginary part of complex word of 2nd polarization 0.

State.
CO2GAIN Frantz-Nodvik CO, gain for pulsed systems. Laser gain
Command Forms(s): CO2GAIN
co2gain/prop ibeams z nstep
co2gain/set g0 es nx ny xrad yrad xdec ydec
co2gain/list
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CO2GAIN CONJUGATE

Description: CO2GAIN

Applies Frantz-Nodvik kinetics for CO, pulsed lasers. Use co2gain/set to define the necessary
coefficients, co2gain/list tolist the coefficients, and co2gain/prop to carry out the propagation.
The gain may be limited in the transverse dimensions by a supergaussian roll-off.

o) - soeal (2058 (1) @
t(xy) = I(Xej))ln(1+ exp{g(x, y)z[li:—’sX2 - 1} B (28)

whereg(x,y) isthelocal small signal gain, gsat(x,y) isthelocal saturated gain, t(x,y) isthelocal transmission,
and | (x,y) isthe fluence or power at (x,y) and the other parameters are defined bel ow.

Reference

1. L.M.Frantzand J. S. Nodvik, “Theory of pulse propagation in alaser amplifier”, J. Appl. Phys., 34,
No. 8, 2346-2349, Aug. 1963.

Modifier 1 Description

/prop Execute propagation.

/list List the co2gain stored parameters.

/set Define and store co2gain parameters.

Numerical Values Description Defaults
ibeams Beam number (0 to select all beams). 1 tonbeam
z Total propagation distance (cm). Required
nstep Number of steps. 1

go Small signal gain.

es Saturation fluence. 1000

nx, ny Supergaussian exponents. 100,100
xrad, yrad Supergaussian radii. 1e20
Xdec, ydec Coordinates of beam center. 0.,0.
CONJUGATE Conjugatesthe beam. Operator

Command Forms(s): CONJUGATE

conjugate/beam kbeam

conjugate/amplitude kbeam
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CONVOLVE

Description: CONJUGATE

Models aphase conjugate mirror (/beam). The GLAD isrequired. The phaseinthearray isconjugated,
the direction of the beam isreversed, and the k-vector isreversed in the global data and the wavefront error
isflipped in sign as shown below in Fig. 12.

Theform /amplitude conjugatesthe complex amplitude field without changing the beam direction.

CONVOLVE

Modifier 1 Description

/beam Conjugates the beam as areal phase conjugator would do.
/amplitude Conjugates the complex amplitude without changing the beam direction.
Numerical Values Description Defaults
kbeam Single beam number. 1

AW(x, y)

direction

before conjugation

AW(x,y) > -AW(x,y)

direction

after conjugation

Fig. 12. In wavefront conjugation the direction beam is reversed and the sign of the wavefront is flipped.

CONVOLVE

Convolves beam with a smoothing function. Operator

Command Forms(s): CONVOLVE

convolve/gaussian

convolve/rect

convolve/inverser

convolve/beam/fft

convolve/beam/nofft
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CONVOLVE CONVOLVE

Command Forms(s): CONVOLVE (Continued)

convolve/xderivative kbeam order
convolve/yderivative kbeam order
convolve/front/both or x kbeam
convolve/back/both or x kbeam
convolve/deconvolve/fft kbeam mbeam

convolve/deconvolve/nofft kbeam mbeam

Description:. CONVOLVE

This command convolves the distribution in the beam identified by kbeam by a gaussian function
defined by the coefficients xomega and yomega. The gaussian convolution isimplemented in the Fourier
domain by

2,22 22
- (0, & +oyn’)

AE,n) - A n)e (29)

where o, and o, correspond to xomega and yomega and A(&, ) isthe Fourier transform of the complex
amplitude distribution. The convolution with the rect function takes the form

sin(nEL,) sin(rnl,)
nél,  mwénl,

A, M) - AE ) (30)

where L, and L, are the widths of the rect function. Either operation results in smoothing of the
distribution.

The /beam modifier allows convolution of kbeam by mbeam. mbeam is left unchanged. Both beams
are Fourier transformed, multiplied and kbeam is inverse Fourier transformed. Mbeam is left unchanged.
If the /nof £t modifier is selected, mbeam isnot Fourier transformed before multiplication. See Example
Ex65 for anillustration of the use of this command.

/front and /back computethe forward and inverse Fourier transform respectively. The unitsare |l eft
unchanged.

Modifier 1 Description

/gaussian Convolve with a gaussian.

/rect Convolve with arect function.

/inverser Convolve with 1/r .

/beam Convolve kbeam by mbeam.

/xderivative Computes x-derivative by convolving with —j&/ 27 .
/yderivative Computes x-derivative by convolving with —jn/2x .
/front Computes forward Fourier transform.

/back Computes inverse Fourier transform.
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COPY COPY

Modifier 1 Description (Continued)

/deconvolve Computes the deconvolution of kbeam by mbeam. Deconvolution is performed
in the Fourier domain by dividing the spectrum of kbeam by the spectrum of
mbeam. The processis extremely sensitiveto noise and may fail if there are exact
zeros in the spectrum at any pixel location.

Modifier 2 Description

/Eft Take FFT of mbeam to form convolution (default).

/nofft Assume mbeam is aready transformed such as an OTF distribution. See ot £
command.

/both Perform FFT for both x- and y-directions.

/x Perform FFT for x-direction only.

Numerical Values Description Defaults

kbeam Single beam number. 1

xomega X-radius of gaussian.

yomega X-radius of gaussian. xomega

xwidth Total x-width of rectangle function.

ywidth Total y-width of rectangle function. ywidth

mbeam Beam used to convolve kbeam.

coefficient Multiplier for /inverser.

order Order of the derivative to be taken. 1

COPY Copiesone beam to another. Operator

Command Forms(s):  COPY

copy/res kbeami kbeamo fout xfhwid yfhwid xdec ydec xnline

ynline

copy/con kbeami kbeamo icent jcent

copy/row kbeami kbeamo rowi rowo

copy/column kbeami kbeamo coli colo icent jcent

copy/section kbeami kbeamo secti secto secte icent jcent

copy/border kbeami kbeamo ishift jshift iskipl jskipl iskip2

jskip2

copy/reorder kbeami kbeamo (Pattern)

copy/geodata kbeami kbeamo

Description: COPY

Copies array number kbeami into array number kbeamo. When any of the geometric datais entered,
kbeami isinterpolated into the scratch array and then copied into beam kbeamo. If xnline or ynlin
do not match the dimensions of kbeamo, the array isautomatically reset to xnline or ynline. Whenan
entry is made for the geometric data, kbeamo may be the same as kbeami.

/reorder alows reordering, adding, and subtracting the elements of kbeami in creating kbeamo.
Any or al of the parameters of the form rxxxx, axxxx, sxxxx may be specified.
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COoPY

COoPY

Modifier 1 Description

/res Rescale distribution (default).

/con Copy distribution without rescale and without copying geometric parameters. In
the case of 3D arrays, copy/con will copy between sections as previously
defined by acall to set /section. If the output section is set to 0, the input
section will be copied to all output sections. See copy/section.

/row Copies rowi from the input beam to rowo for the output beam. Very useful for
making summary plots of through-focus calculations. See Example Ex.

/column Copiescolumn coli from theinput beam to column colo for the output beam.
Very useful for making summary plots of through-focus calculations.

/section Copies of one section of kbeami to kbeamo.

copy/border Does a point-to-point copy of arrays which may be of different size. /border
doesnot changethe size of thereceiving array. Thearrays are matched at the upper
left point, unless shifted by ishift and jshift. A shift of N/2 for both
directions will align the centers.
il=(s1)*jskipl +1,i2=(s1)*jskip2 + ishift +1,
where sisthe counter for points copied P(i1) => P(i2).

/reorder Allowsreplacing, adding, and/or subtracting the real and imaginary partsof either
polarization state of kbeami.

copy/geodata Copy only the geometric information between beams. Useful to set the surrogate

gaussian beam to match without changing the complex amplitude distribution.

Numerical Values Description Defaults
kbeami Input beam number. 1
kbeamo Output beam number. 2

fout Intensity multiplier for output beam. 1.
xfhwid, yfhwid Output field halfwidths (cm).

xdec, ydec Output field center. 0.0,0.0
xnline, ynline Output array dimensions. 0.0,0.0
icent, jcent Offset of center for copy/con, jcent ismeasured 0, 0

positive downward (pixels).

rowi, rowo

Input and output rows for copy/row. If rowo =0, all
rows of kbeamo are set to row rowi.

coli, colo

Input and output columnsfor copy/column. If colo
=0, al rows of kbeamo are set to column coli.

secti,
secto, secte

Input and output sectionsfor copy/section. Setting 1, 1
sectotozerocausessect i tobecopiedtoall sections

of the output beam. Thishelpsininitializing all sections

of a3D array tothesamevalue. Secto and secte form
arange of output sections for the input section secti.

ishift, jshift Shift from upper left corner for /border (pixels). 0,0
iskipl, jskipl Skip pointsin Beam 1 (pixels) for /border. 1,1
iskip2, jskip2 Skip pointsin Beam 2 (pixels) for /border. 1,1
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CORNERCUBE

CORNERCUBE

Pattern

Description

rabcd

Replaces real and/or imaginary components of kbeamo with elements of
kbeami. Positions a, b, ¢, and d correspond to the (real, imaginary) (real,
imaginary) values of kbeamo considering both polarization states. The values of
a, b, ¢, and d may take the values 0, 1, 2, 3, and 4 having the following meaning.

0, take no action

1, replace with real part of polarization state 1

2, replace with imaginary part of polarization state 1
3, replace with real part of polarization state 2

4, replace with imaginary part of polarization state 2

For example r03 00 replaces the imaginary value of kbeamo with the real part
of polarization state 2.
If multiple operations are specified by using more than one parameter, then

the order of implementationis “replace’, “add”, and “subtract”.

aabcd

Similar to rabed except the values of kbeami are added to kbeamo instead of
replacing them. The coding pattern isthe same. For example a01 03 addstherea
part of thefirst polarization state of kbeami to theimaginary part of polarization
state 1 of kbeamo and thereal part of the second pol arization state of kbeamo to
the imaginary part of polarization state 2 of kbeamo.

sabcd

Similar to aabcd except the values of kbeami are subtracted from kbeamo
instead of replacing them. The coding pattern is the same.

CORNERCUBE

Corner cubereflector. Component

Command Forms(s): CORNERCUBE

cornercube/global kbeam

cornercube/nonglobal kbeam

Description:

CORNERCUBE

Applies acube corner reflector to the beam. Given an initial coordinate system of

100
initial system g 1 o » (31)
001
-10 0
after reflection from corner cube | 9 _1 o] - (32
0 0-1

The coordinate system is transformed as illustrated in Fig. 13.
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COSINE COSINE

Modifier 1 Description

/global Actsas globa mirror and must be used with other mirror/global and
lensgroup (default).

/nonglobal Acts as paraxial mirror and should be combined withmirror and 1ens

commands—not with global commands.

Numerical Values

Description Defaults

kbeam

Single beam number. 1

initial coordinate system

A

j

final coordinate
system

Fig. 13. Transformation of coordinate system by corner cube.

COSINE

Single cycle of cosineirradiance. Begin-end

Command Forms(s): COSINE

cosine

Description:

kbeam period offset xdec ydec

COSINE
Makes cosine shaped distribution of irradiance. The functional formis

I(r) = 1 [cos( Zn,r )+offset}
1+ offset period

(33)

Of fset may very between -1 and 1. GLAD calculates this function out to the first nonzero value at radius,

Radius = E—e—lzf-%-@cos_l(—offset)

The distribution is set to zero outside thisradius. See Fig. 14.
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CRYSTAL

period
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w offset

CRYSTAL

Fig. 14. Cosine function. The solid line indicates the part of the cosine function which definestheirradiance pattern.

Numerical Values Description Defaults

kbeam Single beam number. 1

period Period of the cosine function.

offset Offset of the cosine function. 0.0

xdec, ydec Coordinates of distribution center. 0.,0

CRYSTAL Anisotropic medium for propagation. Component

Command Forms(s):

crystal/uniaxial/set

CRYSTAL

polar azimuthal

crystal/uniaxial/list

crystal/uniaxial/clear

Description:

CRYSTAL

Defines crystal properties. At present only a uniaxia crystal may be modeled. This command defines
the polar angle with respect to the z-axis and the azimuthal angle with respect to the y-axis. The azimuthal
angle can be either 0 or 90 degrees. If the azimuthal angle is 0, then the y-polarization state is the eccentric
beam. For an azimuthal angle of 90 degrees, the x-polarization state is the eccentric beam. The indices of
refraction n, and n, must be defined by the wavelength command. n, and n, are then assigned to the
X- or y-polarization state according to whether the azimuthal angleis 0, 90, 180, or 270 degrees.

The eccentric state (e-ray) will propagate with a different medium wavelength and will see walk-off
effects aswell. Beam walk-off is due to the gradient of index with respect to propagation angle. This causes
the beam to shear with distance resulting in propagation at angle with respect to the normal to the wavefront.

Modifier 1

Description

/uniaxial

Uniaxia crystal (default).
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DATE DECLARE
Modifier 2 Description
/set Sets the crystal properties.
/list List crystal properties.
/clear Clear crystal properties and return to ordinary isotropic propagation.
Numerical Values Description Defaults
polar Polar angle of crystal axis with respect to z-axis. 0.
azimuthal Azimuthal angle with respect to y-axis measured 0.
clockwise. Angle must be 0, 90, 180, and 270 degrees.

DATE Displays date and time. L anguage
Command Forms(s): DATE
date
Description: DATE

Writes date and time to output file.
DEBUG Controlsdiagnostic information for internal AOR use. Language

Command Forms(s):

debug/add
debug/delete
debug/list
debug/reset

Description: DEBUG

DEBUG

(keywordl) . . . (keyword10)
(keyword1) . . . (keyword10)

This command controls the debug function for diagnostic information. It is primarily for AOR use. An
example of rdwr isillustrated in Ex73 and Ex74.

Modifier 1 Description

/add Adds a debug name.

/delete Deletes a name.

/list Listsall current debug names.

/reset Clears all debug names.

Parameters Description Defaults

keyword Keyword selected from the source code listing.

DECLARE Assigns namesto variables (also see variablescommand).  Language

Command Forms(s):

declare/real

DECLARE
(Variable 1) (Variable 2) . ..
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DECLARE DERIVATIVE

Command Forms(s): DECL ARE (Continued)

declare/integer (Variable 1) (Variable 2) . . .
declare/list
declare/export

Description: DECLARE

Declare assigns variable names to either real or integer register addresses. See the variables
command for a more convenient method of defining variables. This command is the same as
variables /declare. Thevariable name may consist of thecharactersa-z, A-Z, 0-9, and _. Theleading
character should not beanumber. Thedeclare command iscasesensitive: “x” isadifferent variablefrom
“x". Declare assigns the variables to register values beginning at 200 and decrementing with each new
variable declared.

For example,

declare/real X rad Y rad
X rad = 13.25

Y rad = 23.6

clap 1 X rad Y rad.

Modifier 1 Description

/real Declare rea variable.

/integer Declare integer variable.

/list Lists the variables and the associated register addresses.

/export Simpler form of list suitable for exporting with write/disk (filename),
followed by variables/export. Canberead in by read/disk (filename).

DERIVATIVE Take spatial derivatives. Operator

Command Forms(s): DERIVATIVE

derivative/x/linear kbeam

derivative/y/linear kbeam
derivative/x/spline kbeam
derivative/y/spline kbeam

Description: DERIVATIVE

Takes derivative of real and imaginary components of field. Also see convolve /xderivative and
convolve /yderivative for Fourier method of calculating derivatives.

Modifier 1 Description

b'e Calculate x-derivatives (default).

% Calculate y-derivatives.

Modifier 2 Description

linear Calculate derivatives by finite-difference using nearest neighbors (default).
spline Fit splines to function and differentiate splines analytically.
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DIST DIST

Numerical Values Description Defaults
kbeam Single beam number. 1
DIST Propagate assuming simple optical axis (see prop). Propagation

Command Forms(s): DIST

dist/spectp z kbeaml ...kbeam9 [xonly] [list]
dist/finitdif z kbeaml ...kbeam9
dist/avgkern z kbeaml...kbeam9

Description: DIST

Applies diffraction propagation. Also seethe prop command. The angular spectrum propagator isthe
only one fully integrated into the propagation control algorithms. We recommend that the users not use the
other propagation algorithms except in special circumstances. By default all beams are propagated.

GLAD will automatically select an appropriate propagator and units for the specified distance. The
default propagator and default units will produce accurate results and, while always accurate, may not be
optimum for a given problem. The knowledgeable user may make the sampling more efficient by changing
the units and/or using an alternate propagator. Overriding the default conditions will increase the risk of
introducing such errors as aliasing, energy loss, inadequate resolution, and accumulated numerical errors.
Usersare advised to read the theory section and have abasic knowledge of the propagators and unit selection
before attempting to override the automatic unit or propagator control.

Only propagations which result in again of physical path length are physically meaningful. Thedist
command does not protect the user from making nonphysical propagations. The dist command is
designed to move forward or backward along a principal optical axis. The direction of the beam isreversed
each time the beam strikes a mirror. The dist command should use positive or negative values of z to
correspond to the beam direction. The status command gives the direction of the beam as a positive or
negative movement along the z-axis. GLAD tracks the axial position with the parameter, zref £. Small
angle tilts and decenters are allowed, but the optical path lengths are not correctly calculated.

The prop command is a more powerful propagation command which allows movement in a general
three-dimensional space when used withthe global, vertex,andmirror/global commands.

Propagation of a beam against the forward direction of a beam can produce errors when a lens is
encountered. The proper way to go through alensin the negative z-direction isto use amirror to reverse the
propagation direction of the beam. For abeam initially moving in the plus z-direction, the commands bel ow
show incorrect and correct commands to go through alens in the negative z-direction..

Incorrect Correct
dist -100 mirror/flat 1
lens 1 100 dist -100
lens 1 100
Modifier 1 Description
/spectp Spectrum of plane waves propagator (default).
(recommended for all applications).
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DOUBLE DOUBLE

Modifier 1 Description (Continued)

/finitdif Finite difference propagator (recommended for short steps only).
/avgkern Average kernel propagator (moderate length steps only).
Numerical Values Description Defaults
zZ Propagation distance (cm). Required

kbeaml-kbeam9 List of beamsto be propagated if “on” by the beams
command. kbeam1 = 0, propagates all “on” beams.
Beams with attribute “data’, set withthe array
command, are never propagated.

Parameters Description Defaults
xonly Does diffraction on the x-direction only. Thisis not

physically realizable but is useful for processing alarge

number of one dimensional arraysformed into one large

array for convenience.

list List output. Default isto not list.

System Variable Data Description
xray, yray, zray  Global position of beam along chief ray for kbeam.

opl, ppl Optical path and physical path lengths for kbeam.

zreff Current z-position of beam.

DOUBLE Frequency doubling. Component
Command Forms(s): DOUBLE

double/full zstep ipump istokes g deltak nstep zstart kappa
double/simple/pump kbeam zstep g deltak kappa

double/simple/harmonic kbeam zstep g deltak kappa

Description:. DOUBLE

This command implements frequency doubling. The command is changed from Ver. 5.8 so that kappa
isthe preferred coupling coefficient. See original photon flux formulation below. The GLAD feature set is
required. double/full implements the full second harmonic coupled differential equationg[1],

0A ~, _3
—2 = i AsA, e M (35)
0z
aAZa} .~ 2 jAkz

== KA € (36)
where A, and A, , are the complex amplitudes of the electrical fields for the pump and second harmonic

beam respectively (in GLAD AA* = |).
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Typel and Typell crystals

In this routine exact crystal orientation is not considered explicitly. The incident amplitude is assumed
to be x-polarization and the output is also in the x-polarization. For Type | crystals, input on the ordinary
ray will create a doubled beam on the extraordinary ray, so the output should be roated +£90° according to
the roatation of the extraordinary ray relative to x-polarization. For Type |1 crystals, input on the ordinary
ray will create a doubled beam on the extraordinary ray, so the output should be roated +45° according to
the roatation of the extraordinary ray relative to x-polarization. Rotation by an azimuthal angle (positive
clockwise) may be done by the command jones/optact.

If the harmonic array is polarized the harmonic response is placed in the y-polarization.

Thetotal intensity is

=141, = [A)P+ Ay (37)

isaconstant that isindependent of z (known as Manley-Rowe relation) indicating conservation of energy.
The coupling constant is

L (u 3/4 1
- o (2)
K= —a{ j V4 (38)
€ [2
ﬁ ° nwnZa)

1/2
_ _ 1
where i, = 4nx10"’ Himand ¢, = 8.85x10"> F/m and [S—OJ =377 Q. For 1 (0) = 5x10° w/icm?,
0

Ap = 1.06x10"* cm, st«x = 5x10°%°, n,=n,, =2.2,and L =1cm. The coupling coefficient is

3/4

~ u _

K = _}é u{g—"} 21 1'? = 1.4939018x10™* w2 (39)
0

nwnZw

The gain coefficient for 1 ,(0) = 5x10° wicm? s g = Z;cA(O) = 0.66809318 cm™.
For A,,, = 0 and no detuning, the solution is

|2w(z) _ AZw(Z)AZw*(Z)
1,(z=0) ~ A (0)A,*(0)

_ tanh?r « —TYd
= tanh"[xA,(0)z] = tanh (22) (40)

Detuning is treated by reducing the coupling coefficient according to Ak. For the simple model
implemented with the command double/simple, detuning is treated by reducing the coupling
coefficient according to Ak.

The detuning factor reduces the coupling coefficient by afactor of
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s nz(%A kz)
(%Akz) ’

where zisthetotal distance from the start of the crystal.

When the frequency doubling is broken up into several intervals using separate calls to double, the
cumulative effect of detuning may be accomplished by setting zstart to the length of previous passes
through the doubler.

The command double/simple implementsthe equations:

(41)

double/simple/harmonic A, (2) = iAw(O)tanh[;(Aw(O)Z] = iAw(O)tanh(gz-,Z), (42)
double/simple/pump A 2) = A(0)sech[ kA (0)z] = Aw(O)sech(%z), (43)
. m 3/4
where g’ = 2xA,(0) = fza{e—oJ —L @A (0). (44)
° '\Ini)n2a)

Photon flux representation

This command implements frequency doubling. The GLAD feature set is required. double/full
implements the full second harmonic coupled differential equations,

dp, g 2 jakz

=2 - _ , 45

dZ JZﬁpl ( )
T Lppreiit (46)
dz /\/—2 2M1 '

where p; and p, are the photon flux complex amplitudes of the pump and second harmonic beams, such
2 . . .
that |p|” has units of photons/cm/sec. For this command g takes only real values. The energy per photon is

_hc _ 19.8762x10 **[jules per cm]
energy per photon = =~ = om] (47)

A A
P, = AlA/%l:! Py = Al,\/% (48)

where A; and A, are the usual amplitude quantities used in GLAD with dimensions of ./w/cm.
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The gain g has the units cm./sec/photon . g is related to the second order susceptibility constant wazf(SA .

3/4
~ | h Ho 1
g=2x €= €= Hrksa (49)
/\/na)nZ

2]

Numerical Example:

For 1,(0) = 5x10°, 4, = 1.0x10™* cm, g\okes = 5x10°°, n,=n,, = 22, and Az = 0.01 cm,

374
. v _ ~ -
p “{ _oj L@ _ 1493001810 w2 g = 25 /2_0 = 1.2938x10

- J@ € 2 1
nwnZw

u —7
Notethat = = &OQ.
€  8.85x10

(50)

When the frequency doubling is broken up into several intervals using separate calls to double, the
cumulative effect of detuning may be accomplished by setting zstart to the length of previous passes
through the doubler. The gain length for the power conversionis

W) ™
ganlength=9 [222 - 9 171 (51)
2N he  2y19.8762x10°%

where the wavelength is expressed in centimeter and 1, is the incident intensity in watts/cm? of the pump.
For I, =10Mw/cm?, and A, = 1.06x10™*, the gain length is 1.83 cm. For A,(0) = 0 and no detuning the
solution is

1,(2) = L=tanh [2 = z} (52)
The detuning factor reduces the coupling coefficient. double/simple implements the equations
double/simple/harmonic
o 9e 1,(0)4,
Po(2) = py(O)tanh] ¥ A (53)

double/simple/pump
e 11(0)A4
PL(2) = py(O)seoh] 217 (5)
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which are a good approximation to the exact solution of the differential equations. g, is the effective gain

coefficient
S nz(%Akz)
Oe =05 (55)
(éAka
Modifier 1 Description
/full Implements full differential equation solution.
/simple Implements second harmonic closed-form solution for pump or harmonic (see
below).
Modifier 2 Description
/pump Implements pump closed-form solution.
/harmonic Implements second harmonic closed-form solution.
Numerical Values Description Defaults
zstep Z-step distance (cm). 0.
ipump Number of pump beam. 1
istokes Number of second harmonic beam. 2
kbeam Number of beam for simple set.
g Coupling coefficient (units of cm-sect?/photon™?). (See
kappa below for aternate form).
deltak Wavenumber detuning (radians/cm). 0.
nstep Number of stepsfor phase integration (set at about 100r 10
more), higher numbers give higher sampling of phase
matching).
zstart Starting value for detuning distance.
kappa Coupling coefficient (units of cm-w™?). See g abovefor O-

aternate form. (Note this kappais just a keyword name
and not identical to the kappa used in Chap. 9, GLAD
Theroy Manual.

elative temperature, density, heat conductivity, and absorption of CO,, H,O and aerosols.

References

1. Y.R. Shen, Chap. 7, The Principles of Nonlinear Optics, John Wiley & Sons, New York (1984).

EXAMPLE

This exampleillustrates the use of double/full with kappa.
wavelength 1 1.06 2.2

wavelength 2 .53 2.2
gaus/c/c 1 5e6 1

clear 2 0

pack/set 1 2 # initializes z-position for phase matching
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pack/in

double/steps ipump=1 istokes=2 zstep=1 kappa=1.4939e-4
pack/out
prop 1

Step size parametersfor double/full

doubling characteristic length 2gain = ﬁ (56)

dispersion characteristic length zdisp = A_lk

zmin = min(zgain,zdisp) (57)

number of steps per zstep nstep = 10230, 4 (58)
zmin

integration step length zslep (59)

nstep

EXAMPLE

This exampleillustrates the use of double/full withg. It yields a peak intensity 5.4x10"* of wicm for
the second harmonic for the 1 cm step.

nbeam 2

wavelength 1 1.06

wavelength 2 .53

gaus/c/c 1 1le7 1
pack/set 1 2 # initializes z-position for phase matching

pack/in
double zstep=1 g=1.2938e-13
pack/out
dist 1
ECHO Controls echo of input commands to the output. Language

Command Forms(s): ECHO

echo/list
echo/on
echo/off
echo/values/on

echo/values/off

echo/log/on [nooverwrite or overwrite]
echo/log/off

echo/log/list
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ECHO EDIT

Description: ECHO

Input lines may be echoed to the output file with the echo command. /on is the default condition.
/of £ turns off the specified function.

Echo lines are preceded by “C:” for commands from the screen and “M:” for macro commands when
GLAD iswriting to the screen. When writing to the disk file, GLAD precedes the echo with the line number
of theinput deck, macro level, macro name, macro pass counter, and macro line number to facilitate analysis
of complex runs.

/ 1og copiesthe echoed command, inthe form determined by initial condition, /values,or /lines,
to a file called log.out. This file can be used as input to repeat the sequence of commands used in an
interactive session. log.out isasimple ASCI|I file and may be examined or edited with any text editor.

Modifier 1 Description

/list List current echo state as on or of £. Of £ is default.

/on Turns on echo of line asis. Comments are not echoed.

/lines/on Turns on echo of command line after breaking the line into separate command
linesat “;" line breaks and after register assignments. s are echoed.

/values/on Turns on echo of the values from numeric assignments and IF logical values.

/log/on Turns on logging of input linesin log.out. Parameter overwrite (default)

overwritesthefile. Parameter nooverwrite addsthe new linesto the existing
file. /1log/on initiatesecho/on.

/log/list Lists the echoed lines.

Parameters Description

nooverwrite Write log information at the end of log.out (default).

overwrite Rewind log.out and begin writing at the start.

EDIT Control GladEdit windows from command lines. Language

Command Forms(s): ECHO

edit/open (filename)
edit/close/name (filename)
edit/close/window number window number
edit/show/name (filename)
edit/show/window number window number
edit/hide/name (filename)
edit/hide/window number window number
edit/info

Description: EDIT
Control the GladEdit windows from command lines.

Modifier 1 Description
/open Open specified fileinto GladEdit. Default folder isdefined by set /folder.
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Modifier 1 Description (Continued)

/close Close GladEdit window by name or window number.

/show Show and bring to top a GladEdit window by file name or window number.
/hide Hide (without closing) GladEdit window by file name or window number.
/info List whether windows are visible or hidden.

Modifier 2 Description

/name Window identified by file name.

/window number  Window defined by window number as shown in window title.

Numerical Values Description Defaults
window number Number of the GladEdit window in order of creation. 1

ENCIRCLED Calculates encircled energy. Diagnostics

Command Forms(s): ENCIRCLED

encircled/calculate/ (energy Of profile) kbeam

encircled/level kbeam level
encircled/list/screen min max nskip
encircled/list/disk (filename) min max nskip
encircled/udata column

encircled/plot radius

Description: ENCIRCLED

Encricled calculateseither theencircled energy (/energy) or averageradial profile(/profile).
This command is intended to replace the pib command. It provides more features and is easier to use.
encircled/calculate generates adata base for the beam. The data may be displayed in subsegquent
calsto /1ist, /udata, or /plot. The tabulated values of the encircled energy can be displayed by to
the terminal or to a disk file. The modifier /udata will copy the data to the udata data base in the
specified column (1 to 12). The x-coordinate values are reset. /udata facilitates display of several sets of
encircled energy calculated for different conditions. Encircled/plot displays the data base out to the
specified value of radius.

Encircled/level calculates the radius of the circular region containing the specified relative
energy—similar to pib /level. /level does not use the same data base as /calculate and
overwrites the storage area.

Modifier 1 Description

/calculate Calculate the data base for subsequent callsto /1ist, /udata, or /plot.
/udata Copy the datato the udata data base in the specified column.

/plot Plot the data out to the specified value of radius.

/level Calculate the radius which contains the specified relative energy.
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END END
Modifier 2 Description
calculate/energy Calculate the encircled energy.
calculate/profile Calculate the average radial profile.
list/screen List to the screen.
list/disk List to disk file (filename).
Modifier 3 Description
calculate/.../middle Calculate encircled energy or averageradial profile referenced to
the center of the array (default).
calculate/.../centroid Calculate encircled energy or averageradia profile referenced to
the centroid of the irradiance distribution.
Numerical Values Description Defaults
kbeam Single beam number. 1
min, max Minimum and maximum numbers of data pointsto be  All points.
displayed by /1ist.
nskip Number of data pointsto be skipped by /1ist. max/20
column Column number to be used by /udata. 1
radius Maximum radius to be displayed by /plot. Full field.
level Relative energy level to beused by /1evel. 0.865
System Variable Data Description
fitxcent, fitycent X- or y-beam-center.
fitencir Radius of aperture encircling specified relative energy from /level.
fitxomega, fityomega  X- ory-radii of equivalent gaussian beam.
fitxrad, fityrad X- or y-transverse radius of equivalent gaussian beam.
fitxsig, fitysig X- or y-standard deviation of equivalent gaussian beam.
Example

Calculate and plot encircled energy.

encircled/calculate/energy # calculate data set
encircled/plot # plot encircled energy

encircled/list 1 10 # list first 10 values
encircled/calculate/profil # calculate average radial profile
encircled/plot # plot average radial profile

encircled/udata 1 # put data in column 1 of UDATA

plot/udata # plot udata to show same data

encircled/level 1 .5 # find radius containing 50% of energy
variab/set radius fitencir # put radius into a variable

END End and/or restart GLAD.

Begin-end

Command Forms(s): END

end
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END ENERGY

Description: END

If called interactive from the Interactive Input window, End reinitializes GLAD. If called from a disk
file or macro end stops reading the file or macro (the same as read /back). Seeasoexit.
Alsoseeinitialize torestart GLAD to with initial values without ending the program.

ENERGY Calculatethetotal energy (or power). Diagnostics
Command Forms(s): ENERGY

energy/list ibeams

energy/ginversion ibeams

energy/norm kbeam enorm [list]

Description: ENERGY
Energy/list writesall beam energies and photon counts. The energy in the beam isfound by,

Energy = 3" " |A(x, y)|°AxAy, (60)

where A(X, y) isthe complex amplitude and Ax and Ay are the beam units. The summation istaken over al
pointsin the array.

Energy/ginversion integrates the population inversion over again array to yield j/cm.

The /norm modifier will normalize the energy of a unique beam. The percent lossis printed. Percent
lossis defined to be

Percent loss = 100* (enoxrm - Eold)|Enorm (61)

where Eold isthe energy before the renormalization.

Modifier 1 Description
/list List energy values.
/ginversion List the populationinversion integrated over again array toyield [j/cm]. Thearray

must be polarized. Negative energies are permitted when there is no inversion.
Setting the section number to O for 3D arrays will cause integration over all
sections and output in [j] after multiplication by z-units.

/norm Normalizes total energy of beam kbeam to enorm.

Par ameter Description

list List energy/norm values.

Numerical Values Description Defaults
ibeams Beam number (O to select all beams). 1 tonbeam
kbeam Single beam number. 1

enorm Normalize distribution to have this energy. 1
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EXIT

EXTRUDE

System Variable Data

Description

energy

Integrated flux density of kbeam.

EXIT

End and/or restart GLAD.

Begin-end

Command Forms(s):

exit

Description: EXIT

EXIT

Theexit command terminates all GLAD programs: glad.exe, ide.exe, and watch.exe. Also see 1end.

Operator

EXTRUDE Extrudesa 1D distribution.
Command Forms(s): EXTRUDE
extrude/row/straight/set kbeami kbeamo

extrude/row/straight/add kbeami kbeamo

extrude/column/straight/set kbeami kbeamo

extrude/column/straight/add kbeami kbeamo

extrude/row/path/set kbeami kbeamo kbeamp
extrude/row/path/add kbeami kbeamo kbeamp
extrude/column/path/set kbeami kbeamo kbeamp
extrude/column/path/add kbeami kbeamo kbeamp

Description: EXTRUDE

Extrudes the 1D distribution of kbeami along a row or column to form a 2D distribution in kbeamo.
Kbeamp gives a path of deflection of the extrusion.

Modifier 1 Description

/row Extrudes along the rows (default).

/column Extrudes along the columns.

Modifier 2 Description

/straight Straight extrusion with no deflections (default).

/path Extrusion with deflections from kbeamp.

Modifier 3 Description

/set Set the values of kbeamo (default).

/add Add extruded values to kbeamo.

Numerical Values Description Defaults
kbeami Beam containing the distribution to extrude, must be N x 1. 1
kbeamo Output beam for extruded distribution. 2
kbeamp Beam containing deflection from straight path. 3
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FIBER FIELD

FIBER Initalize with an analytical fiber mode for step index fiber. Begin-end

Command Forms(s): FIBER

fiber kbeam radius core cladding azdeg

Description: FIBER
Initalize with an analytical fiber mode for step index fiber, HE(1,1).

Numerical Values Description Defaults
kbeam Single beam number. 1

radius Radius of the core.

core Index of coreregion of fiber.

cladding Index for cladding (top layer) for /eigenmode.

azdeg Azimuth angle clockwise from top of beam (degrees).

FIELD Displaystable of complex amplitude values. Diagnostics

Command Forms(s): FIELD

field/x kbeam jyline ixstart ixend istep

field/y kbeam ixline jystart jyend jstep

Description: FIELD
Prints complex amplitude and intensity values of the beam array with no interpolation. A useful
diagnostic tool for programmers who are debugging field modifiers. Field uses the internal GLAD
definition of row and column indices. This convention is transposed from the mathematical convention.
field values= A(l, J)
where Jisthe row index and | isthe column index. The equations defining the relationship between |, Jand
X,Y are

v = [(MEY ) 5Jumisy + Deceny ©
= - (M )t + Decen 9
1= (A - (ry 2 .
- (xR (i =
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FILELIST

where Jand | are calculated using truncation of real values to integers. The largest Y-valueisat J= 1. The

smallest Y-valuesis at J= NlineY. The center row is chosen by default.

Modifier 1 Description
/x Scan across x-direction (default).
/Yy Scan across y-direction.
Numerical Values Description Defaults
kbeam Single beam number. 1
jyline Row number in array. NlineY/2+1
ixstart Starting column number in array. 1
ixend Ending column number in array. NlineX
ixline Column number in array. NlineX/2+1
jystart Starting column number in array. 1
jyend Ending column number in array. NlineX
istep, jstep Increment between display data. NlineY/16
FILELIST Liststhe open beam files. Diagnostics
Command Forms(s): FILELIST
filelist/list
filelist/get (filename)
filelist/set (filename) attribute
filelist/units
filelist/memory
Description: FILELIST
/1ist liststhe open beam files.
Modifier 1 Description
/list Lists the open beam files.
/get Determines file security attributes.
/set Sets file security attributes.
/units Scans over all possible arrays listing 10 units.
/memory Scans over al possible memory locations listing arrays and 10 units.
Numerical Values Description Defaults
attribute Security attribute to be set (MS Windows only). Binary
number formed by archive*8 + system*4 + hide*2 +
read/only. Chose 1 or zero. to turn on or off feature. For
example. 6 would select system and hidden status.
Sring Description
filename Filenamefor /get or /set.
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FITBOX

FITEGAUSS

Fit bounding box at specified level.

Command Forms(s):

fitbox/spatial
fitbox/msquared

Description: FITBOX

FITBOX

kbeam level
kbeam level

Fits abounding box according to the intensity level. Smilarto fitlevel .

Modifier 1 Description

/spatial Computes spatial domain only (default).

/msquared Computes the FWHM in both spatial and frequency domains.
Numerical Values Description Defaults
kbeam Single beam number. 1
level Relative intensity level to compute bounding box. 0.5
System Variable Data Description

fitxfwhm/width X-width of bounding box.
fitxfwhm/left Left side.

fitxfwhm/right Right side.

fityfwhm/width Y-width of bounding box.

fityfwhm/top Top side.

fityfwhm/bottom Bottom side.

fitxcent, fitycent

X- or y-beam center.

fitxomega, fityomega

X- or y-radii of equivalent gaussian beam.

fitxrad, fityrad

X- or y-transverse radius of equivalent gaussian beam.

fitxsig, fitysig

X- or y-standard deviation of equivalent gaussian beam.

fitxsigf, fitysigf

X- or y-standard deviation in frequency space of equivalent

gaussian beam.

msgx, msqy

M? inthe x- and y-directions.

FITEGAUSS

Fit enbedded gaussian from M2 theory.

Command Forms(s):

fitegaus/automatic/
(1ist or setgeodata)/
(separate or equal)

fitegaus/udata/x,v,
fillx,or filly

fitegauss/data
fitegauss/list
fitegauss/calculate
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kbeam threshold [averagewidth Or msquared]

kbeam steps zcenter halfwidth coll col2
[averagewidth Or msquared]

point zreff xomega yomega
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FITEGAUSS FITEGAUSS

Command Forms(s): FITEGAUSS (Continued)

fitegauss/set/ (x0ry) kbeam
/(modifier 3)
fitegaus/reset

Description: FITEGAUSS

Fits agaussian beam to a data set of transverseradiusvs. axial position. GLAD fitsthe waist size, waist
location, and effective wavelength to the data set using damped least squares optimization. It has been
argued that aberrated beams may be fit an embedded gaussian beam with a fictitious wavelength and that
propagation of the embedded gaussian through an optical system will give beam sizesthat are similar to the
size of the actual beam which it represents. The choice /automatic performs afull through focus test
requiring six propagation steps. While this method is slow it works for all cases—even those for which the
phase radius of curvature is not well defined such as speckled beams.

For more detailed control, up to 10 set of data may used to determine the three variables of the
embedded gaussian beam using £ itegauss/data. If explicit data values are included on the command
line, these will be used. If no values are given, then the current system variables zreff, fitxsig,
fitysig are used. This alows the user to fit the spot size using fitfwhm, fitgeo, fitknife, or
pib/level. The beam distributions may be derived from GLAD calculations or by reading in
experimental data.

Once the data set has been built, fitegauss /calc will calculate the embedded gaussian. The size
and position of the waist are computed as well as a synthetic wavelength. The data are accessible by

variable/set (Variable) fitegaus/(Modifier)

where the modifier takes the values zwaist, yzwaist, waist, ywaist, lambda, ylambda.
fitegauss /set will build agaussian beam with the specified properties.

Related commands. fitfwhm, fitgeo, fitmsquared, fitknife, fitlevel,
pib/level.

Modifier 1 Description

/automatic Perform /data and /calculate and optionally set surrogate gaussian values
for kbeam if /setgeodata isselected.

/udata Calculate beam half width and array half width for number of steps (steps) and

over the number of timesthe Rayleigh range (times rayleigh) and place
datainudata columns coll and col2. Datamay be listed or plotted. See
command udata andplot/udata.

/data For more detailed control than with /automatic. Build data set. Data may be
explicitly defined or, if no datavalues are given, the data values are derived from
the current values of zreff, 2*fitxsig, and 2*fitysig (Seethe
variables /setdescription).

/list List data set.

/calculate Find beam intensity centroid for beam center (default).

/set Build embedded gaussian in specified beam. Second modifier of /x or /vy
specifies whether x- or y-values should be used.

/reset Reset data for a new evaluation.
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FITEGAUSS

Modifier 2 Description

set/x Use x-values for building embedded gaussian (default).
set/y Use y-values for building embedded gaussian.
automatic/list  List surrogate gaussian values but do not set (default).
automatic/ Calculate and set surrogate gaussian values.
setgeodata

x,y,£illx, or
filly

X or y: beam half widths put in co11 and array half widthsin col2.
Fillx or filly: beam half widths put in col1 and relativefilling in col2.

Modifier 3

Description

set/ (x0ry) /constant

Use current units for embedded gaussian.

set/ (xo0ry)/rescale

Resize unitsfor equal size in spatial and frequency domain.

automatic/setgeodata/

separate

X- and y-values may be set separately (default).

automatic/setgeodata/equal

Force y-values to be the same as x-values.

Parameter Description
averagewidth Fit data using average width values to compute approximation to
standard deviation (default).
msquared Fit data from msquared values using standard deviation.
Numerical Values Description Defaults
kbeam Single beam number. 1
threshold Minimum relative value of distributions to be used with 0.
/setgeodata.
point Data set to be addressed.
xomega, yomega X- and y-transverse radii at specified position. 2*fitxsig,
zreff Axial position where transverse radii are measured. zreff
steps number of stepsfor /udata. 9
zcenter Center of the region. 3
halfwidth Halfwidth of the region.
coll Udata column for beam width versus position using 1
either average half width (averagerradius) or
2* standard deviation (msquared). No datais set if
coll=0.
col2 Udata column for array half width versus position. No 2

dataissetif col2 =0.

System Variable Data

Description

fitegauss/(lambda or ylambda)

X- or y-effective wavelength of embedded gaussian.

fitegauss/(waist or ywaist)

X- or y-waist size of embedded gaussian.

fitegauss/(zwaist or yzwaist)

Axial position of waist.

fitegauss/(msgx Of msqy)

M? inthe x- and y-directions.

fitegauss/(widthx or widthy)

Widths of beam at current Zreff positon.

fitegauss/(radiusx or radiusy)

Radi of beam at current Zreff position.
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FITFOCUS FITFWHM

FITFOCUS Fitsand/or removes focus and astigmatism. Diagnostics

Command Forms(s): FITFOCUS

fitfocus/list kbeam
fitfocus/remove/(Modifier2) kbeam [nolistorlist]
fitfocus/convert/(Modifier 2) kbeam [nolistorlist]

Description: FITFOCUS

Displays the amount of focus error. Optionally the focus may be removed by giving /remove asthe
second modifier. /correct will remove the focus and ater the geometric radius of curvature to preserve
the net optical power. Anintensity weighted linear solution techniqueis used. The terms are not orthogonal
so the method is not perfect for arbitrary intensity distributions. Also, see fitphase.

Modifier 1 Description

/list List focustermsfor x and y (default).

/remove Remove focus error (/focus) or focus and astigmatism (/fast igmatism).

/convert Remove focus error (/£ocus) or focus and astigmatism (/ast igmatism) and
change geometric radius of curvature so that the net optical power is perserved.

Modifier 2 Description

/focus Solve for focus. Fit equal phase radiusin the x- and y-direction (default).

/astigmatism Allow different values for x- and y- radius of curvature.

Numerical Values Description Defaults

kbeam Single beam number. 1

Par ameter Description

nolistorlist Contralslisting of results when executing removal or correction. Default is
nolist.

System Variable Data Description

fitpiston Piston value from last call of command.

fitxfocus, fityfocus X- and y-defocus errors from last call of command.

fitxtilt, fitytilt Polynomial coefficients after last call of command.

FITFWHM Fit full-width-half-maximum to distribution. Diagnostics

Command Forms(s): FITFWHM

fitfwhm/spatial kbeam level
fitfwhm/msquared kbeam level
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FITFWHM FITGEO

Description: FITFWHM

Computes the full-width-hal f-maximum (FWHM) value of the beam. For /msquared aso computes
the FWHM in the frequency domain and computes an approximate value for m-squared. The standard
deviation of a gaussian having the same FWHM is computed by,

o~ L (66)

2./-2In(FWNM)

The standard deviations of the equivalent gaussian beam are accessible by
Variable/set (Variable) (Expression)

where “Expression” takestheforms: fitxsig, fitysig, fitxsigf,and fitysigf.
Related commands; fitegauss, fitgeo, fitknife, fitlevel.

Modifier 1 Description

/spatial Computes spatial domain only (default).

/msquared Computes the FWHM in both spatial and frequency domains.

Numerical Values Description Defaults

kbeam Single beam number. 1

level Relative intensity level at which full-width isto be 0.5
calculated.

System Variable Data Description

fitxcent, fitycent X- or y-beam center.

fitxfwhm/ (width, left, right) Full-width-half-maximum (x-direction) or full width at relative
intensity specified by Level. Left and right give the respective
side values.

fityfwhm/ (width, left, right) Full-width-half-maximum (y-direction) or full width at relative
intensity specified by Level. Top and bottom givetherespective
limitsin the vertical direction.

fitxomega, fityomega X- or y-radii of equivalent gaussian beam.

fitxrad, fityrad X- or y-transverse radius of equivalent gaussian beam.

fitxsig, fitysig X- or y-standard deviation of equivalent gaussian beam.

fitxsigf, fitysigf X- or y-standard deviation in frequency space of equivalent
gaussian beam.

msgx, msqy M? in the x- and y-directions.

FITGEO Calculates beam width by averageradius Diagnostics

Command Forms(s): FITGEO

fitgeo/spatial kbeam threshold [nolistorlist]
fitgeo/both/(Modifier 2) kbeam threshold [nolistorlist]
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FITGEO

FITKNIFE

Command Forms(s): FITGEO (Continued)

fitgeo/msquared/(Modifier 2)

Description:

kbeam threshold [nolistorlist]

FITGEO

Calculates spatial width, frequency width, and M-sgquared by average width, with optional correction of
focus and astigmatism before making calculation.. Also, see fitmsquared and fitegauss.

Modifier 1 Description
/spatial Calculate and update only spatial parameters based on average radius. Very fast
with no FFT. (default)
/both Calculate both spatial and frequency domain parameters based on average radius.
Requires an FFT step.
/msquared Calculate both spatial and frequency domain parameters based on second
moment. Requires an FFT step.
Modifier 2 Description
/focus Correct focus error before cal culating frequency domain and M-squared
parameters (default).
/astigmatism Correct focus and astigmatism error before cal culating frequency domain
and M-squared parameters.
/nocorrection Do not correct phase errors.
Numerical Values Description Defaults
kbeam Single beam number. 1
threshold Ignore relative intensity below this value. 0.
Par ameter Description

nolistorlist

Controls listing of results when executing removal or correction. Default is
nolist.

System Variable Data

Description

fitxcent, fitycent

X- or y-beam center.

fitxomega, fityomega

X- or y-radii of equivalent gaussian beam.

fitxrad, fityrad

X- or y-transverse radius of equivalent gaussian beam.

fitxsig, fitysig

X- or y-standard deviation of equivalent gaussian beam.

fitxsigf, fitysig

X- or y-standard deviation, frequency space.

msgx, msqy

M? in the x- and y-directions.

FITKNIFE

Command Forms(s):

fitknife/spatial
fitknife/msquared

Fit beam width by knife-edge test data. Diagnostics
FITKNIFE
kbeam
kbeam
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FITKNIFE FITLEVEL

Description: FITKNIFE

Computes the beam size by a knife edge scan. /msquared computes frequency width as well to
calculate M-sguared (only valid for collimated beams). The beam width istaken to be the distance between
the 16% and 84% points of the knife edge scan. Related commands are fitfwhm, fitegauss,
fitgeo, fitlevel, fitbox,pib /level.

Modifier 1 Description

/spatial Computes spatial domain only (default).

/msquared Computes in both spatial and frequency domains.

Numerical Values Description Defaults

kbeam Single beam number. 1

System Variable Data Description

fitxcent, fitycent X- or y-beam center.

fitxomega, fityomega X- or y-radii of equivalent gaussian beam.

fitxrad, fityrad X- or y-transverse radius of equivalent gaussian beam.

fitxsig, fitysig X- or y-standard deviation of equivalent gaussian beam.

fitxsigf, fitysig X- or y-standard deviation in frequency space of equivalent
gaussian beam.

MSgX, msqy M?inthe x- and y-directions.

FITLEVEL Fitsbeam width to level of energy or intensity. Diagnostics

Command Forms(s): FITLEVEL

fitlevel/spatial Kbeam relenergy

fitlevel/msquared Kbeam relenergy

fitlevel/truncate kbeam threshold

Description: FITLEVEL

Fitlevel computes the beam size by finding the relative intensity level with the specified energy
level. The width of the distribution at that intensity level is calculated and used to define the beams size.
Fitlevel cals fitfwhm to calculate the beam width at the specified energy level.
Fitlevel/truncate clipstheintensity at the previously calculated relative intensity if threshold is not
defined or at threshold if it is defined. Related commands are fitbox, fitfwhm, fitegauss,
fitgeo, fitknife,pib /level.

Modifier 1 Description

/spatial Computes spatial domain only (default).

/msquared Calculate both spatial and frequency domain parameters to calculate M-squared.
Valid only for collimated beams.

/truncate Clipstheintensity at threshold, if specified, or at the previous value of
relenergy if not specified.
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FITMSQUARED FITMSQUARED

Numerical Values Description Defaults

kbeam Single beam number. 1

relenergy Relative energy of relative intensity level to be calculated. 0.865

threshold Relative intensity for intensity clipping with /truncate.

System Variable Data Description

fitxcent, fitycent X- or y-beam center.

fitxrad, fityrad X- or y-average radius calculated from beam width, assuming a
gaussian.

fitxomega, fityomega X- or y-radii of equivalent gaussian beam.

fitxsig, fitysig X- or y-standard deviation of equivalent gaussian beam.

fitlevel Relative intensity level calculated.

FITMSQUARED Calculates beam width and M -squared. Diagnostics

Command Forms(s): FITMSQUARED
fitmsquared/spatial kbeam threshold [nolistorlist]
fitmsquared/both/(Modifier 2) kbeam threshold [nolistorlist]

Description: FITM SQUARED

Calculates spatial width, frequency width, and M-squared with optional correction of focus and
astigmatism before making calculation. M-squared is calculated by product of spatia and frequency
standard deviations. Also, see fitgeo and fitegauss.

Modifier 1 Description
/spatial Calculate and update only spatial parameters.. Very fast with no FFT. This choice
does not calculate M-squared values as no frequency information is cal culated.
(default)
/both Calculate both spatial and frequency domain parameters. Requires an FFT step.
Modifier 2 Description
/focus Correct focus error before cal culating frequency domain and M-sguared
parameters (default).
/astigmatism Correct focus and astigmatism error before cal culating frequency domain
and M-squared parameters.
/nocorrection Do not correct phase errors.
Numerical Values Description Defaults
kbeam Single beam number. 1
threshold Ignore relative intensity below this value. 0.
Par ameter Description
nolistorlist Controls listing of results when executing removal or correction. Default is
nolist.
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FITPHASE

FITPHASE

System Variable Data

Description

fitxcent, fitycent

X- or y-beam center.

fitxomega, fityomega

X- or y-radii of equivalent gaussian beam.

fitxrad, fityrad

X- or y-transverse radius of equivalent gaussian beam.

fitxsig, fitysig

X- or y-standard deviation of equivalent gaussian beam.

fitxsigf, fitysig

X- or y-standard deviation, frequency space.

msgx, msqgy

M? inthe x- and y-directions.

FITPHASE

Fitstilt, focus, and astigmatism. Diagnostics

Command Forms(s): FITPHASE

fitphase/(Modifier 1)/(Modifier 2) kbeam [Parameter]

Description: FITPHASE

Display the low order phase. Optionally the phase may be removed by giving /remove as the second
modifier. This command computes piston, tilt, and focus. If the phase of the beam is strongly atered by
aberrationsin the system, the phase bias used in the diffraction cal culations should berefit using £i tphase
to avoid aliasing problems. An intensity weighted linear solution technique is used. The terms are not
orthogonal for arbitrary intensity distributions, so the method isimperfect. Also, see fitfocus.

Modifier 1 Description

/both Fit both tilt and focus terms (default).

/tilt Fit only tilt terms.

/focus Fit only focus term(s).

Modifier 2 Description

/sphere Use spherical focus term (default).

/cylinder Use cylindrical focus terms for the two directions.

/remove Deletes low order phase, leaving surrogate gaussian beam unchanged.
/list Compute and list phase fit data without changing beam data.

Numerical Values Description Defaults
kbeam Single beam number. 1

Par ameter Description

list ornolist Contralslisting of results when executing corrections. Default is /nolist.
System Variable Data Description

fitpiston Piston value from last call to fitphase.

fitxfocus, fityfocus X- and y-defocus errors from last call to fitphase.
fitxtilt, fitytilt Polynomial coefficients after last call to fitphase.
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FITSLIT FITZERN

FITSLIT Fits beam width from dlit response curve. Diagnostics

Command Forms(s): FITSLIT

fitslit/(Modifier 1) kbeam
fitslit/udata coll col2

Description: FITSLIT

Computes the geometric size of the beam based on a dlit scan at 0.16 relative values. See the related
commands fitfwhm, fitegauss, fitknife, fitlevel, fitbox, pib/level or
encircled /level.

Modifier 1 Description

/spatial Computes spatial domain only (default).

/msquared Computes in both spatial and frequency domains.

/udata Copy the datato the udata databasein the specified columns for the x- and y-
scans.

Numerical Values Description Defaults

kbeam Single beam number. 1

coll, col2 Columns of udata for x- and y-scans.

Par ameter Description

list ornolist Contralslisting of results when executing corrections. Default is /nolist.

System Variable Data Description

fitxcent, fitycent X- or y-beam center.

fitxomega, fityomega X- or y-radii of equivalent gaussian beam.

fitxrad, fityrad X- or y-transverse radius of equivalent gaussian beam.

fitxsig, fitysig X- or y-standard deviation of equivalent gaussian beam.

fitxsigf, fitysig X- or y-standard deviation in frequency space of equivalent gaussian

beam.

msgx, msqy M?inthe x- and y-directions.

FITZERN Fits Zernike polynomialsto wavefront. Diagnostics

Command Forms(s): FITZERN

fitzern/(Modifier 1) /standard kbeam nrad nsin ncos rnorm rignore

fitzern/(Modifier 1)/fringe kbeam norder rnorm rignore

fitzern/(Modifier 1)/radial kbeam norder rnorm rignore

Description: FITZERN

Fitsa Zernike polynomial to the phase front of abeam. The beam is copied to the scratch array, and the
Zernikefit is removed. The original and residual rms wavefront errors are listed. With the 1 i st modifier,
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FITZERN

FITZERN

the residual is retained in the scratch beam (-1) and may be copied into another beam with the copy
command. Two polynomial types are permitted, as givenin Table 1 and Table 2.

Modifier 1 Description

/list Compute and list the best fit Zernike polynomial without changing the specified beam.
The residual beam is retained in the scratch beam (-1).

/remove Copy the residual beam from the scratch array into the specified beam. The original beam
datais|ost.

Modifier 2 Description

/standard Set of polynomials organized by radia order. All azimuthal terms are included (default).

/fringe Set of 37 polynomials organized by polynomial order based on the sum of radial and
azimuthal orders. Used in many interferometric reduction programs. / £ringe hasmore
radial terms and fewer azimuthal terms.

/radial Set of 8 radial polynomials.

Numerical Values Description Defaults

kbeam Single beam number. 1

nrad,nsin, ncos /standard radial, sine, and cosine orders, < 8. 4, nrad, nrad

norder /radial maximum radial order < 12./fringe, sum of 12 (See Table 2)

radial and azimuthal orders, < 12.
rnorm Normalization radius (cm). X-beam size
rignore Data cutoff radius (cm). rnorm

Table. 1. Standard set of Zernike Polynomials.

Teem Rad Sin Cos  Polynomial

1

psin(o)

pcos()

2p2—1

p’sin(2¢)

p’cos(20)

(3p°-2p)sin(9)

p’sin(30)

O 0 N O g B W NP

(3p°-2p)cos(¢)

=
o

p°cos(30)

=
=

6p4— 6p2+ 1

=
N

BB W W W WD NN PO

(4p* - 3p?)sin(20)

AN O O O W Pk O N O O o
O O O W Pk O O DN o O +— oo

=
w

p*sin(4¢)
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Table. 1. Standard set of Zernike Polynomials. (Continued)

FITZERN

Term Rad Sin Cos

Polynomial

WA 02 4pt 3% cos(20)

54 0 4 e

5 10 (10p°-12p°+3p)sin(o)
oS3 05— 4pdsingze)

18 5 5 0 sgee

95 0 1 (10p°-12p°+ 3p)cos(g)
205 03 (555 4p% cos(30)

25 0 5 5iouse)

226 00 5008 g0pts12p%-1

226 2 0 15,° 20p*+ 6p?)sin(20)
20 %0 (6p°-5p*)sinag)

% 6 6 0 o

2660 2 (15,° 20p*+6p?)cos(20)
27604 (6p°_5p*)cos(dg)

B 6 0 6 oosen

29 7 10 (3557 _60p°+30p° - 4p)sin(o)
073 0 (217 30p°+10p%)sin(30)
T 5 0 7" 6p®)sin(5e)

2 7 7T 0 g7

B 7 0 1 (3557 60p°+30p° - 4p)cos(o)
3 7 03 (21p7 - 30p°+ 10p°) cos(30)
705 (7p-6p)cos(5e)

B 7 0 T s

37 8 0 0 7Op8 - 140p6 + 90p4— 20p2 +1
38 8 2 0 (56p8 - 105p6 + 60p4 - 1Op2)sin(2¢)
38 4 0 985° azp* 41507 sin(40)
08 00 (g 7p%sin(69)

a8 8 0

p®sin(80)
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Table. 1. Standard set of Zernike Polynomials. (Continued)

FITZERN

Teem Rad Sin Cos  Polynomial
2 8 0 2 5558 105p°+ 60p* - 10p%) cos(20)
B8 0408y 42p* 1 15p7)cos(40)
M8 00 8p® 7p%) cos(6o)
45 8 0 8 p8cos(8¢)
Table. 2. Fringe set of Zernike Polynomials. Polynomial order isthe sum of theradial and azimuthal orders.
Order Teem Rad Sin Cos  Polynomial
0 1 0 0 01
2 2 1 0 1 pcos(o)
2 3 1 1 0 psin(9)
2 4 2 0 0 2p2_ 1
4 5 2 0 2 pzcos(Zq))
4 6 2 2 0 pzsin(2¢)
T30 (3% 2p)cos(e)
doo8 3 10 3% 2p)sin(g)
4 9 4 0 0 6p4— 6p2 1
6 10 3 0 3 p3COS(3¢)
6 1 3 3 0 pssin(3¢)
6 12 4 0 2 (4p4— 3p2)cos(2¢)
6 13 4 2 0 (4p4—3p2)sin(2¢)
6 14 5 0 1 (10p5 - 12p3 + 3p)cos(¢)
6 15 5 1 0 (10p5—12p3+3p)sin(<p)
6 16 6 0 0 6 3004, 1007 g
8 17 4 0 4 p4cos(4q))
8 18 4 4 0 p4sin(4¢)
8 19 5 0 3 (5p5—4p3)cos(3(p)
8 20 5 3 0 (5p5—4p3)sin(3(p)
8 216 0 2 (15,5 20p*+6p?)cos(20)
8 2 6 2 0 (155 20p*+6p?)sin(20)
8 23 7 0 1

(35p" — 60p° + 30p° - 4p) cos(d)
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FITZERN

Table. 2. Fringe set of Zernike Polynomials. Polynomial order isthe sum of theradial and azimuthal orders.

Order Teem Rad Sin  Cos  Polynomial

8 24 7 1 0 357 60,5+ 30p° - dp)sin(o)

8 s 8 0 0 70p° - 140p° + 90p* — 20p° + 1
0 26 5 0 5 550
0275 5 0 S4n(so)
10 28 6 0 4 g6 5% cos4g)
10 2 6 4 0 46 5% ¢n(de)
100307 0 3 5157 3055+ 10p%) cos(30)
10 3L 7 3 0 5157 30554 10p%)sin(30)
10032 8 0 2 5508 105084 60p* - 10p2)cos(20)
10038 8 2 0 5508 105,04 60p* - 10p?)sin(20)
10 3 9 0 1 (15609 280p7 + 210p° - 60p° + 5p)cos(o)
103 9 1 0 (155,° 28057+ 210p°— 60p° + 5p)sin(o)
10 36 10 0 0 252p10 _ 630p8 + 560p6 - 21094 + 3092 -1
12 37 12 0 0

924p™ — 2772p™ + 3150p° - 1680p° + 420p* - 42p% + 1

Table. 3. Radial set of Zernike Polynomials.

Term Rad  Polynomial
1 0 1
2 2 2p2 1
3 4 6p4— 6p2 +1
46 o0p®_30pt+12p%-1
5 8 70p®_ 140p°+90p* - 20p? + 1
6 10 555510 630p® + 560p° - 210p* + 30p> - 1
T 12 9045% 27725 4 3150p° - 1680p° + 420p* — 42p% + 1
8 14 34305 120120 + 1663200 - 11550p° + 4220p° — 7560 + 56> — 1
9 16 128700 _ 51480p™ + 84084p 2 — 720720 + 34650p° — 9240p° + 1260p”
_72p%+1
10 18

48620p™° - 218790p™® + 411840p™ — 420420p™ + 252252p™° — 90090p®

+18480p° - 1980p* + 90p% - 1
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FLIP FOCUS

Table. 3. Radia set of Zernike Polynomials. (Continued)
Term Rad  Polynomial

20 18475602 _ 923780p" + 1969110p™° — 233760p ™ + 1681680p 2 — 756756p ™
+210210p° - 34320p° + 2970p” - 110p? + 1
FLIP Flip thedistribution in the array. Operator

Command Forms(s): FLIP
flip/(modifier 1) ibeams

Description: FLIP
Flips beam field data. Does not alter global information for the beam.

Modifier 1 Description

/x Flips beam field data such that +x side becomes -x side.

/Yy Flips beam field data such that +y side becomes -y side.

Modifier 2 Description

/standard Flips about the N/2 + 1 point. Leaves a zero row or column. (Default)

/halfpixel Flips about the numerical center of the array. Leaves no zero row or column. Use
with Ex77.

Numerical Values Description Defaults

ibeams Beam number (0 to select all beams). 1 tonbeam

FOCUS Find or moveto paraxial focusor waist. Operator

Command Forms(s)\: FOCUS

focus/list kbeam
focus/apply/abecd/x kbeam
focus/apply/abed/y kbeam
focus/apply/abcd/average kbeam
focus/apply/waist/x kbeam
focus/apply/waist/y kbeam

focus/apply/waist/average kbeam

Description:. FOCUS
Propagate to focus based on ABCD matrix (-A/C) or waist position.

Modifier 1 Description
/list List thefocal positionsfor /abcd or /waist (default).
/apply Move to the focal position.
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FUNCTIONS FUNCTIONS
Modifier 2 Description

/abcd Propagate to paraxia focus based on ABCD matrix.

/waist Propagate to waist position.

Modifier 2 Description

/x Propagate based on x-direction.

/Y Propagate based on y-direction.

/focus Propagate based on average of x- and y-directions.

Numerical Values Description Defaults

kbeam Single beam number. 1

FUNCTIONS Various operators on beam data. Operator

Command Forms(s):

functions/(Modifier 1)
functions/inverse

FUNCTIONS

kbeam
kbeam beta

Description: FUNCTIONS
Applies various operations to the data in the specified array and places the functional valuesin the real

word of the array.

Modifier 1 Description
/intensity Place intensity (absolute value squared) in real word.
/waves Places wavefront datain real word.
/phase Place phase datain real word.
/real Sets imaginary word to zero.
/aimaginary Puts imaginary datain real word and sets imaginary word to zero.
/preal Puts real word of second polarization state in real word of first state.
/paimaginary Puts imaginary word of second polarization state in real word of first state.
/log Places natural log of intensity in real word.
/1logl0 Places log base 10 of intensity in real word.
/material Generates real values corresponding to number of material type.
/invert Change all non-zero valuesto zero and all zero valuesto one. Useful for creating
the complement of an aperture or obscuration.
/inverse Computes the solution to
di(xy) dxé = al(x, y)z, (X y,2) = [1-BI(XY, O)]fll (%Y, 0),where B = az.
Solution: a(x y) = | (1-Blax v “acxy) Blace <1
0 Blacx, y)I*> 1

Jump to: Theory , Examples 137




GAIN GAIN
Modifier 1 Description (Continued)
/exp/intensity  Makenew irradiance equal to “€” to the power of the current irradiance,
I(x, y) — €Y.
/exp/real Make new complex amplitude equal to “€” to the power of the current real

component of complex amplitude, a(x, y) — e-e a1,

Numerical Values Description Defaults
kbeam Single beam number. 1

beta Coefficient for inverse.

GAIN Laser gain. Also see BEER. Laser gain
Command Forms(s):  GAIN

gain/converge/set epsl eps2 npoints

gain/converge/test ibeams nstore

gain/converge/list

gain/eigenvalue/set kbeam

gain/eigenvalue/show kbeam

gain/gthree

gain/rate

gain/ruby

gain/three

gain/semiconductor

gain/coherent
gain/absorber

gain/sheet

Description: GAIN

Implements laser gain models and convergence criteria. The gain interface calcul ates the gain resulting
from the varying intensity of the beam at a sheet and applies the resultant gain to the field matrix for the
beam. gain/rate modelslaser gain by the rate equation model. See the beer command, for asimpler

gain model.

Modifier 1 Description

/converge Sets criteria by which the convergence of aresonator solution may be tested and
tests whether the stated criteria have been met.

/eigenvalue Recordsinitial field data and computes eigenvalues for a resonator. This option
works a bit weirdly. It may be modified in the future. Consider the use of
mult /mode asin Example Ex56.

/rate Implements rate equation physics (seegain/rate ). GLAD isrequired.

/ruby Implements ruby laser—athree level gain medium.

/sheet Implements gain sheet (see gain/sheet ). GLAD isrequired.

Jump to: Theory , Examples 138



GAIN GAIN

Modifier 1 Description (Continued)

/three Rate equation gain for three level model, single upper level.

/gthree General three level gain with manifolds for upper and lower levels.

/coherent Coherent pulse propagation model suitable for short pulses.

Modifier 2 Description

/set Sets convergence criteriaor initial eigenvalue data.

/test Tests for resonator convergence.

/show Calculates and displays eigenvalues.

/list Liststhe average energy value from the last npoints.

Numerical Values Description Defaults

epsl Fractional change in energy convergence criterion. 0.

eps2 Criterion based on change in absolute value of field of center point. 0.
If the change in energy or field islessthan the appropriate criterion,
convergence is considered to have occurred. If both criteria are set,
both must be met for convergence.

npoints Number of iterations over which the energy changeiscomputed. 5

nstore Variable name or integer register address where the convergence 1
returned. Oneisreturned if the convergence criteria are met, zero if
not.

ibeams Beam selector. If 1 <= ibeams <= current number of beamsthen 0
beam number 1beams isselected. If ibeams =0, al active beams
are selected.

zstep Distance through gain medium.

Exampleof gain/converge/test

variab/dec count
gain/conv/set epsl=.2 npoints=4
macro/def step/o
count = count + 1
arg = 1 - exp(-count/5)
energy/norm 1 arg
gain/conv/test 1 x
variab/set Energy 1 energy
udata/set count count Energy
if x=1 macro/exit/all

.698814)/.834717

macro/end

macro step/9

udata/list

c We see that the Energy at pass 6 was .698814

c and at pass 9 was .834717. The relative energy change is
c

c rel energy change .162813 = (.834717 -

c

c Since .162813 is less than epsl =
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GAIN/GTHREE Rate equation gain for general threelevel atom. Laser gain

Command Forms(s): GAIN/GTHREE

gain/gthree/set width cavity offset

gain/gthree/list

gain/gthree/ (noise Or nonoise)

gain/gthree/step zstep time

gain/gthree/pump/ (set or add) kbeami kbeamo wavelength

gain/gthree/n2level/ (set or add) kbeami kbeamo wavelength

gain/gthree/ntotal/ (set or add) kbeami kbeamo wavelength

gain/gthree/upper freqg0 degeneracy freql freqg2 freqg3
freg4 fregb fregé6 freq7 freg8 freqgd

gain/gthree/lower freqg0 degeneracy freql freqg2 freqg3
fregq4 freg5 fregé6 freq7 freg8 freqgd

gain/gthree/temperture/constant temperature

Description:. GAIN/GTHREE

This routine applies general three-level gain according to rate equation formulation. The GLAD is
required. The rate equations treatment can model mode competition for different resonator cavity
conditions, including time-varying cavities. In the general three level atom, both the upper and lower states
may be represented by amanifold of lines. Only asingle line from the upper state and a single line from the
lower state are assumed to laser. However the manifold is assumed to very rapidly redistribute the manifold
back to the Boltzman distribution.

Gain/gthree does not implement diffraction propagation, which must be done separately. This
allows the medium to exhibit saturation due to multiple passes through the medium. gain/gthree must
be used with the pack commands. See Theory Manual, Sect. 9.7. (theory.pdf), for a description of the
physics of the general three-level rate equations. See Ex69i for an example of how to use the commands.

GLAD stores the pump rate R(x, y)hv and the energy densities of the upper and lower states
hvN,(x, y) and hvN;(x, y), where v isthe laser frequency. The local temperature effects the gain of the
laser, as shown in the equations below. These values are stored in a beam array, which should be defined as
a polarized beam and which should not be propagated (set array attribute to data). The medium array is
always taken to be the last beam defined with the pack /set command. The real and imaginary parts of
the two polarization states take the form shown below in Table 4.

Table. 4. Contents of each point of the medium array which is defined as a polarized beam. The four words
of data are stored: real and imaginary, first polarization; real and imaginary second polarization.

Pump rate, R(X, y)hv Level 2times hv, Total density times hv,

w/cm?®, laser wavelength | hvN,(x, y) , Jem® hvN,, (%, y) , Jom?

Modifier 2 Description

/set Setup initial conditions.

/list List parameters for rate equations.

/noise Calculates contribution of optical noise due to spontaneous emission.
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Modifier 2 Description (Continued)

/nonoise Turns off calculation of spontaneous emission noise (default).

/step Take a step of length zstep with pumping time.

/pump Transformstheirradiance of kbeami into thereal part of kbeamo to set or add to
the pumping rate into Level 2. Enter the pumping rate as the product of the pump
irradiance times the cross section. The dimensions are watts.

/n2level Transforms the irradiance of kbeami into the imaginary part of the first
polarization state of kbeamo to set or add to the population of Level 2, modified
by theratio of wavelength of the input beam divided by the wavelength of the laser.

/ntotal Transforms the irradiance of kbeami into the rea part of the second polarization
state of kbeamo to set or add to the total population, modified by the ratio of
wavelength of the input beam divided by the wavelength of the laser.

/upper Wavelength of upper lasing level, degeneracy, and wavelength of other linesin the
upper manifold.

/lower Wavelength of lower lasing level, degeneracy, and wavelength of other linesin the
lower manifold.

Modifier 3 Description

/constant Set the temperature to be constant for all points.

/set Sets the temperature distribution of kbeamo to kbeami.

/add Adds the temperature distribution of kbeami to kbeamo.

Numerical Values  Description Defaults

sigma Cross section in cm?,

width Av, atomic line width, Hz.

cavity Av,, frequency spacing between longitudinal modes.

offset Av 4, frequency offset of Oth longitudinal mode.

time At, time for pumping the medium. See Fig. 15. 0.

zstep L, total length of gain medium. See Fig. 15. 0.

temperature Constant value of temperature in Kelvin. Used in calculating the 300

Boltzmann distribution—a relatively weak effect.

kbeami, kbeamo

Input and output beam numbers for copying real part of kbeami to 1, 2
kbeamo, without changing other values, to swap pump rate.

freqo0

Lasing linefor /upper or /lower level.

degeneracy

Degeneracy of thelasing linefor /upper or /lower leve. 1

freqgltofreg9

Non-lasing linesinthe manifold. Thelinesare assumed to redistribute
so rapidly that the levelsin the manifold are maintained according to
the Boltzmann distribution.

GAIN/RATE

Rate equation laser gain. Laser gain

Command Forms(s): GAIN/RATE

gain/rate/set

width center tspont t20 tl10 cavity offset
nlpump sigmapump sigmalaser
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Command Forms(s):  GAIN/RATE (Continued)

gain/rate/list

gain/rate/ (noise Or nonoise)

gain/rate/step zstep time [list]
gain/rate/steady [1ist]

gain/rate/n2pump/ (set or add) kbeami kbeamo wavelength
gain/rate/n2level/ (set or add) kbeami kbeamo wavelength
gain/rate/nllevel/ (set or add) kbeami kbeamo wavelength
gain/rate/nlpump/ (set oradd) kbeami kbeamo wavelength
gain/rate/inversion kbeami kbeamo zstep

Description:  GAIN/RATE

This routine applies gain according to the rate equations. The GLAD is required. It is similar to
gain/sheet except that the pumping transverse distribution and the population inversion distribution are
saved. The rate equations treatment can model mode competition for different resonator cavity conditions,
including time-varying cavities. gain/sheet does not implement diffraction, which must be done
separately. This alows the medium to exhibit saturation due to multiple passes through the medium.
gain/rate must be used with the pack commands. See Theory Manual, Sect. 9.3 (theory.pdf), for a
description of the physics of the rate equations. gain/rate /step isillustrated in Fig. 15.

gain region

square temporal pulse

|

|

|
I

At L

Fig. 15. For thecommand gain/rate/step, atime dice of the pulse of length At has energy density 1(0)At. It
interacts with again region of length L = zstep, having energy density AN(0)*hvezstep/0.5.

GLAD stores the pump rate R,(x, y)hv into level 2 and the energy densities of the upper and lower
states hvN, (X, y) and hvN; (X, y) , wherev isthe laser frequency. These values are stored in abeam array,
which should be defined as a polarized beam and which should not be propagated (set array attribute to
data). The medium array is always taken to be the last beam defined with the pack /set command. See
Example Ex56 for an example of the use of rate equations kinetics. Thereal and imaginary parts of the two
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polarization states take the form shown below in Table 5. The data storage isfor s igmapump not equal to
zero, asillustrated in Table. 6. s1ab/pump may be used for side pumping.

Table. 5. Contents of each point of the medium array which is defined as a polarized beam. The four words
of dataare stored: real and imaginary, first polarization; real and imaginary second polarization. For default
condition with /nopumpsaturate selected.

pump rate, R,(x, y)hv

w/cm®, laser wavelength | VN, (X, Y), Jem?® hvN, (% y) , Jem®

Level 2times hv, Level 1times hv, NIpump(x,y), Ry (X, y)

Table. 6. For sigmapump hot equal to zero. Contents of each point of the medium array which is defined
as a polarized beam. The four words of data are stored: real and imaginary, first polarization; real and
imaginary second polarization

max pump rate, Level 2times hv, Level 1times hv, N1pump(x,y), Ri(X Yy)

Ry(x, y)hv wicm®, laser |py, N,(x, y), Jem? hvN,(x, y), Jem®

wavelength

Modifier 2 Description

/set Setup initial conditions.

/list List parameters for rate equations.

/noise Calculates contribution of optical noise due to spontaneous emission.

/nonoise Turns off calculation of spontaneous emission noise (default).

/step Take a step of length zstep with pumping time.

/steady Steady-state gain based on closed-form solution. See GLAD Theory Manual,
Sect. 9.3 (theory.pdf). Should beinside pack/in, pack/out block. See
Ex69j

/n2pump Transforms the irradiance of kbeami into thereal part of kbeamo to set or add
to the pumping rate into Level 2, modified by the ratio of wavelength of the input
beam divided by the wavelength of the laser.

/n2level Transforms the irradiance of kbeami into the imaginary part of the first
polarization state of kbeamo to set or add to the population of Level 2, modified
by the ratio of wavelength of the input beam divided by the wavelength of the
laser.

/nllevel Transformstheirradiance of kbeami into thereal part of the second polarization
state of kbeamo to set or add to the population of Level 1, modified by the ratio
of wavelength of the input beam divided by the wavelength of the laser.

/nlpump Transforms the irradiance of kbeami into the imaginary part of the second
polarization state of kbeamo to set or add to the pumping rate into Level 1,
modified by theratio of wavelength of the input beam divided by the wavelength
of the laser.

/inversion Calculate the stored energy density of kbeami (for two-level model) by
0.5(N, — N;)hv and store in kbeamo for gain sheet length of zstep.

Modifier 3 Description

/set Set the specified parameter.

/add Add to the specified parameter.
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Parameter

Description

list

List overall parameters and center point propertiesfor gain/rate/steady
andgain/rate/step.

Numerical Values

Description Defaults

width Av, atomic line width, Hz.

center Center of the atomic line, Hz.

tspont Tepont» SPONtaNeous emission time constant. 0.

t20 T, decay time from Level 2to 0

t10 T40, decay time from Level 1to O

cavity Av, frequency spacing between longitudinal modes.

offset Av 4, frequency offset of Oth longitudinal mode.

time At, time for pumping the medium. See Fig. 15. Thisis often half the 0.
round trip time. The round trip time may be obtained by using the
variable from resonator/roundtriptime.

zstep L, total length of gain medium. See Fig. 15. 0.

nlpump Ratio of pumping into Level 1vs. Level 2. Theimaginary part of the 0.

second polarization stateisinitially set to aconstant value N1 pump. It
may bemodified usinggain/rate/nlpump, sothatit may havean
arbitrary spatia distribution.

kbeami, kbeamo

Input and output beam numbers for copying real part of kbeami to 1,2
kbeamo, without changing other values, to swap pump rate.

wavelength

Laser wavelength to be used so population densities are properly
expressed as power densities.

sigmapump

Models pump saturation. See Table 6. s igmapump istheratio of the 0.
maximum population of level 2 to the maximum pumping per
increment of time At = time fromgain/rate/set. Thelocal

GNZ(X’ y)
AL ) . The

maximum pumping rateis Rzmax(x, y) . Theminimum pumping rateis

pump rateis Ry(X, y) = max(O, R, (X%Y)-

0. The maximum population of the upper level is

1
Np(Y)| = ZAWR, (%Y).

sigmalaser

Cross section for amplification replaces Einstein B-coefficient, cm®.  0-

GLAD solves the rate equations, see Sect. 9.3, GLAD Theory Manual (theory.pdf). The medium is of
length zstep and theinteractiontimeist ime, asdefined by gain/rate /step. Thetimeisoften half
the round trip time. GLAD input values are written non-italicized. For each step we have

populations of level 1 and 2 N; and N, (67)

pumping rate

R (68)

Jump to: Theory , Examples 144



GAIN/RATE GAIN/RATE

1 1 1

d rate of level 2 == 69

el Ty t20 * tspont (69)
pump drives level 2, 1/2 here and 1/2 at end Aszump = %R(l —nlpump)time (70)
pump driveslevel 1, 1/2 hereand 1/2 at end AN, = %Ronlpump .time (71)

pump
half of pump effect N, = N, + Aszump (72)
half of pump effect N; — N; + AN1pump (73)
___time
level 2 decay due to spontaneous emission AN, = Nz[l —e tSpontj (74)
_time
t
intensity-independent decay of level 2 N, - N,e ° (75)
_time
intensity-independent decay and increase of level 1 N, = N,e B0y AN, (76)
stimulated emission effect on population inversion dueto all modes ANg,, = 0 (77)
Process all optical modes, indicated by k
intensity of modek, I, (78)
spontaneous emission noise, added as random complex amplitude noise, 7 is the gain-narrowing term
2
_11 M N
Aly = 74t AXAytspont hvizstep (79)
frequency shift for linewidth function  Av, = offset + (k- 1)cavity (80)
linewidth function g(Av,) = wideh b 81)
A 2 (width
Vi + >
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2
7\’k

Einstein B coefficient of mode k By = 81 tspont

9(Avy)

current population difference for singlebeam AN, = N, - N;

Perform either Eq. (84) for small gain, or Eq. (85)—87) for large gain

. . . . . B.ANzstep
increase in optical field (small gain) Al = Ik(e - 1)

or
maximum population difference Nkmax = (N,—N,) +2|kzstt;;1ehv
Vi
. . . 1zstepshv,
maximum intensity |kmax - EW(NZ—MH I,
I I (old)
large gain I (new) = max

BN, zst
l(old) + (1, ~1,(old))e " K=SEER

Al = 1 (new) -1, (old)

time

accumulated change in population difference ANg,, = ANg,, + 2Al Kztep- hv,
Vg

For multiple beams solve the equations

2.time  I(0)
zstep. hzk: Vi

N = (Np=Np) +

(2 2.time Ik(2)
Jdz Bk(Nkmax_zstep-th: Vi )IK(Z)

2.time < I«(2)
zstepe hzk: Vi

ANg,, = ANg,, +
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End processing of all optical modes

include second half of pump effect N, = N, + AN2p -

include second half of pump effect N; = N; + AN,
pump

depletion of level 2 dueto stimulated emisson N, = N, — %ANwm

increase of level 1 dueto stimulated emission  N; — N; + %ANsum

Example of gain rate routines

beams/on 1 2 # Beams 1 and 2 are the two competing modes
beams/off 3 # Beam 3 contains pump and inversion
clear 1 le-4 # initialize power density of Beams 1 and 2
clear 2 le-4
clear 3 1.39e6 # initialize pump rate distribution watts/cm**2
irradiance 3 # store pump rate in real part of Beam 3
c
c Setup gain medium parameters
c
gain/rate/set 1.45el3 3.57el4 3e-9 3e-1 le-8 5ell 0 0
pack/set 1 2 3 # setup beams 1 and 2, beam 3 contains medium values
# beam 3 must be defined as a polarized beam
c
c Do one diffraction step
c
pack/in # pack beams
gain/rate/step zstep=.89 time=1le-10 nstep=10 # gain step
pack/out # unpack beams
prop .89 # propagate Beams 1 and 2
c
c continue rest of cavity

GAIN/RUBY

(93)

(94)

(95)

(96)

Laser gain

GAIN/RUBY Rate equation gain for ruby laser.
Command Forms(s): GAIN/RUBY

gain/ruby/set width cavity offset aw
gain/ruby/list

gain/ruby/ (noise Or nonoise)

gain/ruby/step zstep time
gain/ruby/pump/ (set or add) kbeami kbeamo wavelength
gain/ruby/n2level/ (set or add) kbeami kbeamo wavelength
gain/ruby/ntotal/ (set or add) kbeami kbeamo wavelength

gain/ruby/temperture/ (set or add) kbeami kbeamo wavelength
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Description: GAIN/RUBY

Thisroutine appliesthree-level gain according to rate equation formulation. The GLAD isrequired. The
rate equations treatment can model mode competition for different resonator cavity conditions, including
time-varying cavities. Gain/ruby does not implement diffraction, which must be done separately. This
allows the medium to exhibit saturation due to multiple passes through the medium. gain/ruby must be
used with the pack commands. See Theory Manual, Sect. 9.5. (theory.pdf), for adescription of the physics
of the three-level rate equations. See EXEx69 b for an example of how to use the commands.

GLAD stores the pump rate R(x, y)hv and the energy densities of the upper and lower states
hvN,(x, y) and hvN,(x, y), where v isthe laser frequency. The local temperature effects the gain of the
ruby laser, as shown in the equations below. These values are stored in a beam array, which should be
defined as a polarized beam and which should not be propagated (set array attribute to data). The medium
array is always taken to be the last beam defined with the pack /set command. See Example Ex69 for
an example of the use of rate equations kinetics. The real and imaginary parts of the two polarization states
take the form shown below in Table 7.

Table. 7. Contents of each point of the medium array which is defined as a polarized beam. The four words
of data are stored: real and imaginary, first polarization; real and imaginary second polarization.

Pump rate, R(X, y)hv Level 2times hv, Denisty total times hv, |Temperature, T(X, y)
wicm®, laser wavelength | hvNL(x, y) , Jom® hvN,, (%, y) , Jom?

Modifier 2 Description

/set Setup initial conditions.

/list List parameters for rate equations.

/noise Calculates contribution of optical noise due to spontaneous emission.

/nonoise Turns off calculation of spontaneous emission noise (default).

/step Take a step of length zstep with pumping time.

/steady Steady-state gain. See Theory Manual, Sect. 9.5, (theory.pdf).

/pump Transformstheirradiance of kbeami into thereal part of kbeamo to set or add to

the pumping rate into Level 2. Enter the pumping rate as the product of the pump
irradiance times the cross section. The dimensions are watts.

/n2level Transforms the irradiance of kbeami into the imaginary part of the first
polarization state of kbeamo to set or add to the population of Level 2, modified
by theratio of wavelength of the input beam divided by the wavelength of the laser.

/ntotal Transforms the irradiance of kbeami into the real part of the second polarization
state of kbeamo to set or add to the total population, modified by the ratio of
wavelength of the input beam divided by the wavelength of the laser.

/temperature Transforms the irradiance of kbeami into the imaginary part of the second
polarization state of kbeamo to set or add to the temperature.

Modifier 3 Description
/set Set the specified parameter.
/add Add to the specified parameter.

GLAD solves the rate equations:
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Numerical Values  Description Defaults
width Av, atomic line width, Hz.

cavity Av,, frequency spacing between longitudinal modes.

offset Av 4, frequency offset of Oth longitudinal mode.

aw Coefficient for change in atomic linewidth due to temperture.

time At, time for pumping the medium. See Fig. 15. Thisis often half the 0.

round trip time. The round trip time may be obtained by using the
variable from resonator/roundtriptime.
zstep L, total length of gain medium. See Fig. 15. .
kbeami, kbeamo Input and output beam numbers for copying real part of kbeamito 1,2
kbeamo, without changing other values, to swap pump rate.

wavelength Laser wavelength to be used so population densities are properly
expressed as power densities.

LI LN
mN - a‘(v)th ’ (97)
g—lz = OC(V)N'|. (98)
- expl _AE AE _ o, =K _ 2
where K(X,y) = exp( KT and K 0.87 for ruby, o = 0212(1+ K) and = > , and
N" = NZ‘gNm-

The mediumisof length zstep and the interaction timeis t ime, asdefined by gain/ruby/step.
GLAD input values are written non-italicized, Courier font. For each nstep we have

incremental time step time = Lime (99)

nstep
. . zstep

= ===F 1
incremental distance step zstep nstep (100)
populations of level 1 and 2 N; and N, (101)
pumping rate R (102)
pump drives level 2, 1/2 here and 1/2 at end Aszump = %R. N;.time (103)
_time
t

decay of level 2 N, > N,e ~ (104)
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Process all optical modes, indicated by k

intensity of modek, I,

spontaneous emission noise, added as random complex amplitude noise, 7 is gain-narrowing term

_1l M Ny
Al = 741tAXAyt21thZStep
decay time for level 2tolevel 1 T, = 0.00511 - 1.057x10 (T - 293°K)

wavelength of atomic linewidth versus temperatureA(T) = 0.694325u + 0.00068(T — 293°K)u

shift in center wavelength of atomic line versus temperature, A(293°K) = 0.694325u

ML — 5 _ o
T295°K) © 9.7937x10 (T - 293°K)

center of atomic linewidth versus temperature  vy(T) = HC:I'—)

shift in center wavelength of atomic line versus temperature, v(293°K) = 4.317754x10"sec ™

frequency shift for K" lineat ~ Av, = offset + (k—1)cavity

frequency shift for KN linevs, temperature Avy— Av, - 4.2287><1010(T - 293°K)

AWT) = width +awe(T - 293°K)

linewidth function (v, T) = 2@ 1
2n 2 (AV{T})Z
Avy + 5
; :2
Cross section Bu(Vie T) = 01 (Vi T) = sz g(vi. T
81N 1, (T)
N,(2A) ( A )
K= N5 = &Plyy) =087 a 300°K
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3+ K
2(K+1)

o(v, T) = 651(v, T)

a0 _ K+1

N = Nz—gNtot and ¢ = v
ol ,
3 a(v, TNl

for single beam perform either (122) for small gain, or (125) for large gain

increasein optical field (small gain) Al = eN'zstep

or
. . . time
maximum population difference N "=N+l,———
max zstephv,
. . . zstephv,
maximum intensity I =——7T—"N/+I,
max time
I Il (old
ko Jk(0ld)

Ik(naN) = o(v, )N, zstep

l(old) + (I~ 1 (old))e e

Al = 1 (new) — I (old)

Altime

accumulated change in population difference AN, = ANy" = 0
Z

for multiple beams solve the differential equationsfor each of the k longitudinal modes

;N time 1,.(0)
N = Nic + zstepohzk: Vi
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dl(2) ( , time |k(2?)
0z Bk Nkmax _zstep-h% Vi Ik(Z) (129)
i I (z
AN = AN = —=2EE s (2) (130)
zstep-hk Vi
End processing of all optical modes
include second half of pump effect N, — N, + AN, (131)
pump
depletion of level 2 due to stimulated emission N, — N, — %ANwm (132
GAIN/THREE Rate equation gain for three level model. Laser gain
Command Forms(s): GAIN/THREE
gain/three/set width center tspont t20 cavity offset
gain/three/list
gain/three/ (noise Or nonoise)
gain/three/step zstep time
gain/three/pump/ (set or add) kbeami kbeamo wavelength
gain/three/n2level/ (set or add) kbeami kbeamo wavelength
gain/three/ntotal/ (set or add) kbeami kbeamo wavelength

Description:. GAIN/THREE

Thisroutine appliesthree-level gain according to rate equation formulation. The GLAD isrequired. The
rate equations treatment can model mode competition for different resonator cavity conditions, including
time-varying cavities. Gain/three does not implement diffraction, which must be done separately. This
allows the medium to exhibit saturation due to multiple passes through the medium. gain/three must
be used with the pack commands. See Theory Manual, 9.6 . (theory.pdf), for a description of the physics
of the three-level rate equations. See ExEx69 g for an example of how to use the commands.

GLAD stores the pump rate R(x, y)hv and the energy densities of the upper and lower states
hvN,(x, y) and hvN,(x, y), where v isthe laser frequency. The local temperature effects the gain of the
laser, as shown in the equations below. These values are stored in a beam array, which should be defined as
a polarized beam and which should not be propagated (set array attribute to data). The medium array is
always taken to be the last beam defined with the pack /set command. The real and imaginary parts of
the two polarization states take the form shown below in Table 8.

See Chap. 9.6 for an explanation of the theory. Example Ex69¢g provides a numerical example.
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Table. 8. Contents of each point of the medium array which is defined as a polarized beam. The four words
of data are stored: real and imaginary, first polarization; real and imaginary second polarization.

Pump rate, R(X, y)hv Level 2times hv, Total denisty times hv, |Temperature, T(X, y)

w/cm?®, laser wavelength | hvN,(x, y) , Jem® hvN, (%, y) , Jom?

Modifier 2 Description

/set Setup initial conditions.

/list List parameters for rate equations.

/noise Calculates contribution of optical noise due to spontaneous emission.

/nonoise Turns off calculation of spontaneous emission noise (default).

/step Take a step of length zstep with pumping time.

/steady Steady-state gain. See Theory Manual, Sect. 9.5, (theory.pdf).

/pump Transformstheirradiance of kbeami into thereal part of kbeamo to set or add to
the pumping rate into Level 2. Enter the pumping rate as the product of the pump
irradiance times the cross section. The dimensions are watts.

/n2level Transforms the irradiance of kbeami into the imaginary part of the first
polarization state of kbeamo to set or add to the population of Level 2, modified
by theratio of wavelength of the input beam divided by the wavelength of the laser.

/ntotal Transforms the irradiance of kbeami into the real part of the second polarization
state of kbeamo to set or add to the total population, modified by the ratio of
wavelength of the input beam divided by the wavelength of the laser.

Modifier 3 Description

/set Set the specified parameter.

/add Add to the specified parameter.

Numerical Values  Description Defaults

width Av, atomic line width, Hz.

center Center of the atomic line, Hz.

tspont Tepont» SPONtaNeoUs emission time constant.

t20 Top, decay time from Level 2to 0.

cavity Av,, frequency spacing between longitudinal modes.

offset Av 4, frequency offset of Oth longitudinal mode.

time At, time for pumping the medium. See Fig. 15. Thisisoften half the 0.
round trip time. The round trip time may be obtained by using the
variable from resonator/roundtriptime.

zstep L, total length of gain medium. See Fig. 15. 0.

kbeami, kbeamo

Input and output beam numbers for copying real part of kbeami to 1,2
kbeamo, without changing other values, to swap pump rate.

GAIN/SEMICONDUCTOR Semiconductor gain. Laser gain

Command Forms(s):

GAIN/SEMICONDUCTOR

gain/semiconductor/cavity width center cavity offset
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GAIN/SEMICONDUCTOR

GAIN/SEMICONDUCTOR

Command Forms(s):  GAIN/SEMICONDUCTOR (Continued)

gain/semiconductor/set
gain/semiconductor/step
gain/semiconductor/list
gain/semiconductor/pgen/ (set or add)
gain/semiconductor/nlevel/ (set or add)

Description: GAIN/SEMICONDUCTOR

gain0_semi ntr ns a b c beta
zstep tstep nstep

kbeami kbeamo wavelength
kbeami kbeamo wavelength

This routine applies semiconductor gain, based on Coldren and Corzine. See Sect. 9.4, GLAD Theory
Manual. The GLAD feature set is required. gain/semiconductor must be used with the pack
commands. The medium array may be an unpolarized array with parameters stored as shown in Table. 9.

Table. 9. Contents of each point of the medium array which is defined as an unpolarized beam. The two
words of data are stored in the real and imaginary parts.

Pump rate, P(x,y)hvw/cm?®, v at laser wavelength.

Carrier-hole density, times hv: hiN(x,y) Jem®

The gain equations derived in Sect. 9.4, GLAD Theory Manual are sumarized below,

gen rec

Population change by generation (Py,) and rcombination (R,.): aa—l:l =P,,— R

Generation rate in terms of efficiency #;, current |

. 1!
, charge g, and volume V: Py, (X, y) = Qv

Recombination rate from spontaneous and stimulated effects: R . = NG y)

= R
= AN y)] S

Rate of change of population: AN y) Pgen(X, Y) = 9IN(X, Y)I1(X, y) - NO6Y)

dt

Carrier decay: lz-'

Gain varies with population: g[N(X, y)

Effective spontaneous emission rate: Ry

7IN(X, y)]

= a+DbN(X, Y) + cN(X, Y)2

] = gaino X In(w)

ntr +ns

= PopRsp = beta xb x N(X, y)°

Rate of increase of optical intensity: d-_ g(N)I + hvAQR 4

Solid angle is a property of the array sampling: A2 =

dz

2

AXAy
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GAIN/COHERENT

GAIN/COHERENT

Modifier 2 Description

/cavity Set cavity and atomic line width parameters.

/set Set parameters for semiconductor gain.

/step Propagate within pack /in and pack /out. Optical and media beams are defined by
pack /set such that the last beam is the media beam.

/list List parameters for rate equations.

/pgen Transformstheirradiance of kbeami into thereal part of kbeamo to set or add to the

generation rate density. Enter the pumping rate as the product of the pump irradiance
times the cross section. The dimensions are watts per cm®.
Inthe case of illumination by afield of intensity I, (dimensions of w/cmz) and pump
absorption coefficient o (dimension of cm™) the generation rate density (in the case of
weak absorption) will be approximately od;y, (units of W/cm3). GLAD will bedivide
the power form of generate rate density by hv to give the pump rate density in terms of
excitation entities.

/nlevel Transforms the irradiance of kbeami into the imaginary part of the first polarization
state of kbeamo to set or add to the generation rate, modified by the ratio of
wavelength of the input beam divided by the wavelength of the laser.

Modifier 3 Description

/set Set /pgen or /nlevel.

/add Addto/pgen or /nlevel.

Numerical Values

Description

width Av, atomic line width, Hz.

center Center of the atomic line, Hz.

cavity Av, frequency spacing between longitudinal modes.

offset Av 4, frequency offset of Oth longitudinal mode.

zstep Propagation distance. Diffraction propagation is included.

tstep Increment of time for pumping and losses of the inversion.

gain0 Base gainin cm™. See Eq. (138). Thisisthegain at N(x,y) = exntr. That is
gain0 =g(exntr).

ntr Transparency population density, excitations per cm®. Used in Eq. (138).

ns Numerical adjustment to keep the argument of the logarithm positive (Eg. 138).

a Nonradiative recombination coefficient for decay rate of inversion per Eq. (137).

b Bimolecular recombination coefficient for decay rate of inversion per Eq. (137).

c Auger recombination rate for decay rate of inversion per Eq. (137).

beta Ratio of mode bandwidth to spontaneous emission bandwidth, A,

xrad, yrad

Halfwidth of rectangular region for which gain isto be applied.

GAIN/COHERENTL /D&t Coherent pulse propagation—short pulses. Laser gain
Command Forms(s): GAIN/COHERENT
gain/coherent/set sigma decay center
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GAIN/COHERENT GAIN/COHERENT

Command Forms(s): GAIN/COHERENT (Continued)

gain/coherent/list

gain/coherent/ (noise Or nonoise)

gain/coherent/step zstep time [list]
gain/coherent/pump/ (set or add) kbeami kbeamo wavelength
gain/coherent/inversion/ (set or add) kbeami kbeamo wavelength

Description:  GAIN/COHERENT

This routine applies gain according to tcoherent pulse propagation theory. See Sect. 9.15 . For short
pulses, the rate equation approximation approach may predict the release of energy from the population
inversion too quickly. Gain/coherent does not implement diffraction, which must be done separately.
This allows the medium to exhibit saturation due to multiple passes through the medium. gain/three
must be used with the pack commands. See Theory Manual, 9.6 . (theory.pdf), for a description of the
physics of the three-level rate equations. See ExEx69 g for an example of how to use the commands.

GLAD stores the pump rate R(x, y)hv and the population inversion hv(N,(X, y) — N;(X, y)) where v
is the laser frequency. The local temperature effects the gain of the laser, as shown in the equations below.
These values are stored in a beam array, which should be defined as a polarized beam and which should not
be propagated (set array attribute to data). The medium array is always taken to be the last beam defined
with the pack /set command. The real and imaginary parts of the two polarization states take the form
shown below in Table 8.

Table. 10. Contents of each point of the medium array which is defined asa polarized beam. The four words
of data are stored: real and imaginary, first polarization; real and imaginary second polarization.

Pump rate, irradiance Population inversion Real part, moving Imaginary part, moving
times absorptiontimes  |times hv , average of E-field times |average of E-field times
hv, R(x, y)hv wicm?®, hv(Ny(%, y) - Ny(%, ¥)), !oopulatlon inversion for populatlon inversion for
|aser wavelength o, internal use. internal use.

jlem
Modifier 2 Description
/set Setup initial conditions.
/list List parameters for rate equations.
/noise Calculates contribution of optical noise due to spontaneous emission.
/nonoise Turns off calculation of spontaneous emission noise (default).
/step Take a step of length zstep with pumping time.
/pump Transformsthe irradiance of kbeami into thereal part of kbeamo to set or add to

the pumping rate into Level 2. Enter the pumping rate as the product of the pump
irradiance times the absorption. The dimensions are watts/'cm®.

/inversion Transformsthereal part of kbeami into theimaginary part of the first polarization
state of kbeamo to set or add to the population inversion modified by the ratio of
wavelength of the input beam divided by the wavelength of the laser.

Modifier 3 Description
/set Set the specified parameter.
/add Add to the specified parameter.

Jump to: Theory , Examples 156



GAIN/ABSORBER GAIN/ABSORBER

Parameter Description
list List overall parametersand center point propertiesfor gain/coherent/step.
Numerical Values  Description Defaults
sigma Cross section in cm?.
decay Decay time for coherent gain. Inverse of atomic line width.
center Center of the atomic line, Hz.
time At, time for pumping the medium. See Fig. 15. Thisis often half the 0.
round trip time. The round trip time may be obtained by using the
variable from resonator/roundtriptime.
zstep L, total length of gain medium. See Fig. 15. 0.
kbeami, kbeamo  Input and output beam numbers for copying real part of kbeamito 1,2
kbeamo, without changing other values, to swap pump rate.

GAIN/ABSORBER Saturable absor ber. Laser gain
Command Forms(s): GAIN/ABSORBER

gain/absorber/set gs_sigma es _sigma gamma transmission t2
gain/absorber/list

gain/absorber/step length time [list]

gain/absorber/n0 kbeami kbeamo

Description:. GAIN/ABSORBER

This command models a saturable absorber based on the Cr*" that is commonly used for passive Q-
switching of lasers. Figure 16 illustrates the four level system. Laser light can be absorbed between Levels
1 and 3 with cross section oy for ground state absorption. Laser light can also be absorbed betwen Levels
2 and 4 with cros section o for excited state absorption. Level 3 decays rapidly to Level 2 and Level 4
decays rapidly and non-radiatively to Level 2..

Thereal and imaginary parts of the two polarization states take the form shown below in Table 11.
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GAIN/ABSORBER

GAIN/ABSORBER

e fast decay

fast decay

7
rd

. 7 very slow decay, t,

Fig. 16. Four levelsof a Cr* saturable absorber. The primary mechanism for laser absorption isthe transition from
Level 1to Level 3—ground state absorption. It is assumed that Level 3 decaysvery quicly to Level 2. Excited state
absorption occurs between Level 2to Level 4. It is assumed that Level 4 decays by some non-radiative process.

Table. 11. Contents of each point of the medium array.

Total population of Cr*‘ions, ny,.

Population of excited state. n,.

Modifier 2 Description
/set Setup initial conditions.
/list List parameters for rate equations.
/length Implement a saturabl e absorber of specified length with pumping time.
/n0 Population density of Cr*ions stored in real word of array.
Par ameter Description
list List overall parametersand center point propertiesfor gain/coherent/step.
Numerical Values  Description Defaults
gs_sigma Ground state absorption cross section in cm?.
es_sigma Excited state absorption cross section in cm?.
gamma Inversion reduction factor which depends on degeneracy.
transmission Transmission of component including surfaces losses and bulk
absorption unrelated to the saturable effect.
t2 Decay time from Level 2. 4510 &
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GAIN/SHEET GAIN/SHEET

Numerical Values  Description (Continued) Defaults
time At, time for laser light to change the population density. Thisis often 0.
half the round trip time. The round trip time may be obtained by using
thevariable from resonator/roundtriptime.
zstep L, total length of absorber. 0.
kbeami, kbeamo  Input and output beam numbers for copying real part of kbeami to 1, 2
kbeamo and setsimaginary word to 0. for n,.

GAIN/SHEET Gain sheet formulation for multiple beams. Laser gain

Command Forms(s): GAIN/SHEET

gain/sheet/multibeam zstep
gain/sheet/point zstep

Description: GAIN/SHEET

This routine applies a gain sheet step. The GLAD feature set is required. It is similar to the
beer /noprop command except saturation is based on the intensities of multiple beams. gain/sheet
does not implement diffraction, which must be done separately. Thisallowsthe medium to exhibit saturation
due to multiple passes through the medium. gain/sheet must be used with the pack commands. For
example, to calculate gain with the saturation based on the sum of intensities in Beams 1 and 2 do the
following,

beer/set g0=.02 es=1. # establish gain medium parameters
pack/set 1 2 # set up beams 1 and 2

pack/in # implement packing with current beam intensities
gain/sheet/multi 30. # gain sheet step of 30 cm.

pack/out # reestablish normal state

The gain takes the form,

g - gO(Xa y) (142)

where
Jo(X, y) isthelocal small signal gain
I, aretheintensities to be summed from the various beams
| isthe saturation intensity
¢ 1s 1 for homogeneousand 1/2 for inhomogeneous broadening
The small signal gain, gy(X,Y), is determined according to the spatial limitations determined by
beer/set.

Modifier 1 Description
/multibeam Use 2nd and additional beamsfrom pack /set to add to saturation intensity (default).
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GAUSSIAN GAUSSIAN

Modifier 1 Description (Continued)

/point For three beams defined with pack /set, the first beam isto be amplified, the 2nd
beam has the distribution for small signal gain gy(x, y) in the real word. Negative
values are allowed for the 2nd beam using the real word. The 3rd beam has the
distribution 14(X, y) . For more than three beams, the additional beams between 1st and
the last two contribute to saturation intensity in the same manner as with

/multibeam.
Numerical Values Description Defaults
zstep Length of gain medium. 0.

Exampleof use of gain/sheet/point

clear 1 100 # uniform intensity for propagating beam
gaus 2 g0 20 # gaussian distribution for small signal gain
irradiance 2 # Set real word for gain
gaus 3 es 20 # gaussian distribution for saturation intensity
pack/set 1 2 3 # beam 1, g0, es distributions
pack/in
gain/sheet/point 10 # 10 cm. of gain
pack/out
prop 10 # diffraction propagation of 10 cm.

See gainsheet.inp| and [gainsheet1.inp] among the examples.

GAUSSIAN Set beam to gaussian function. Begin-end
Command Forms(s): GAUSSIAN

gaussian/cir ibeams pkflu r0 sgxp decx decy radx rady
gaussian/sqr ibeams pkflu r0 sgxp decx decy radx rady
gaussian/ell ibeams pkflu r0x r0y sgxp decx decy radx rady
gaussian/rec ibeams pkflu r0x r0y sgxp sgyp decx decy radx rady
gaussian/half kbeam pkflu 10x rO0x lsgxp rsgxp decx decy

Description: GAUSSIAN

Defines a gaussian spherical wave for the beam(s). Defines geometric data such as beam center,
coordinates, waist size and location, and zeros out tilt angle. By default the units are computed
automatically. The polarization state is set to be linearly polarized in the x-direction. Alterations to the
polarization state may be made with the jones command. Seealso halfgaussian.

Modifier 1 Description
/eir 2 2\ Sgxp
Circular distribution. A/pkfluexp{_(x—*g’—j }
ro
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GEODATA GEODATA
Modifier 1 Description (Continued)
/sqr 2\ sgxp 2\ Sgxp
Square distribution. /pkfluexp {_[X_zJ - [—LZJ }
ro ro
/ell 2 2 \ Sgxp
Elliptical distribution. A/pkfluexp{—[ X+ —y—zj }
rox roy
/rec 2 \Sgxp 2 \Sgyp
Rectangular distribution. /pkflu exp{—[ X Zj - (—LZ] }
rox roy
/half Gaussian with difference for left and right x-half planes
r 2 2\ M 59%p
~pkfluexp _[x_+);_j x>0
rox |
ro(2 . 2\ sgxp
pkfluexp —[X—Jr%j x<0
| \lox |
Modifier 2 Description
/noadjust Do not change geometric data no matter how small the aperture (default).
/con Conserve current units.
/res Rescale: compute new units prior to generating field.
/equalxy Force geometric datafor y to be the same as x (except if rox # roy).
Numerical Values Description Defaults
ibeams Beam number (O to select all beams). 1 tonbeam
pkflu Peak irradiance. 1.
r0 Amplitude radius or half-width (cm). 1.
rox Amplitude radius in x-direction (cm). 1.
lox Left side amplitude radius in x-direction (cm).
roy Amplitude radius in y-direction (cm). rox
SgXp Gaussi an/supergaussian exponent in x-direction. 1.
sgyp Gaussian/supergaussian exponent in y-direction. Sgxp
rsgxp Right side x-exponent for /half. 1.
lsgxp L eft side x-exponent for /half. 1.
decx, decy Coordinates of beam center (cm). 0.,0.

radx, rady

Phase radii of curvature for gaussian spherical wave.
Plane wave by default.

GEODATA

Output table of surrogate gaussian properties. Diagnostics

Command Forms(s):

geodata/list

GEODATA

kbeam
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GEODATA GEODATA

Command Forms(s): GEODATA (Continued)

geodata/set/msquared/values kbeam m2x m2y

geodata/set/msquared/ kbeam

continuousunits

geodata/set/ waist kbeam waistx waisty

geodata/set/beamsize kbeam wsx wsy

geodata/set/all kbeam zwaistx zwalisty waistx waisty iplanx
iplany eqwstx eqwsty

geodata/fit/(separate or kbeam threshold [msquared Or averageradius]

equal)

Description: GEODATA

This command lists or setsthe geometric data associated with the surrogate gaussian beam. Thisdatais
used by GLAD to control the choice of diffraction algorithms. Generally this information is automatically
set by the gaussian, clap, lens, and mirror commands. In certain applications such as unstable
resonators, it may be necessary to reset the geometric data. In stable resonators, the starting geometric data
should be selected so that it is reproduced in one round trip.

Modifier 1 Description

set Sets the data.

list Listsall coefficients.

fit Perform fit of surrogate gaussian radius using the £itegauss procedure.

Modifier 2 Description

fit/separate Allow x- and y-values to be different.

fit/equal Set y-values to be the same as x-val ues.

set/msquared Set M”2 values and recal cul ate waist size and location using local beam size and
radius of curvature.

set/waist Set waist position to current beam poistion. Set waist size to current beam half

width (default) or input values for waistx and waisty. Reference surfaceis
assumed to be flat.

set/beamsize Set local beam half widths and recal culate waist size and |ocation assuming phase
radius of curvature is unchanged.
set/all Sets all parameters. The user is responsible for choosing reasonable values. This

isan old form of the command and isincluded for backward compatibility.

Modifier 3 Description

msquared/values Set m"2 to specified values and recompute surrogate gaussian waist size and
location.

msquared/ Calculate and set M2 to have constant units based on current sampling. Beamis

continuousunits propagated to current waist, M2 isreset, and the beam is propagated back to
original position. Radius of curvature and units may be adjusted.

Parameter Description
msquared Perform fit using M-squared values for geodata /fit.
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GLASS GLASS
Parameter Description (Continued)

averageradius Perform fit using average radius for geodata /fit.

Numerical Values Description Defaults
kbeam Single beam number. 1

zwalstx, zwaisty Locations of x- and y-waists. 0.,0.

waistx,waisty

Waist size for x- and y-directions.

Local beam half widths.

WSX, WSY

m2x, m2y Explicitly set M~2 values used for determining surrogate
gaussian waist location and size. For a converging beam,
larger M”2 values expand the effective Rayleigh range and
shift the location of the waist upstream.

threshold Threhsold used in calculating M-squared or averageradiusfor 0.

/fit.

iplanx, iplany

1if plane reference surface, O if curved.

egwstx, eqwsty

Gaussian equivalent radius factor.

GEODATA/LIST
Table Values

Description

zwalstx, zwaisty

Locations of x- and y-waists for surrogate gaussian.

waistx,waisty

Transverse radius of surrogate gaussian waist.

m2x, m2y

M-squared valuesfor x and y.

radx, rady

Phase radius of surrogate gaussian.

zrayx, zrayy

Axia haf-width of Rayleigh range.

zdistx, zdisty

Axial location of surrogate gaussian waist.

iplanx, iplany

1if plane reference surface, O if curved reference surface.

WSX, WSY Local transverse radius of surrogate gaussian waist.
Variables Description
geodatal/(mod)

zwalstx, zwaisty

Locations of x- and y-waists for surrogate gaussian.

walstx,waisty

Transverse radius of surrogate gaussian waist.

iplanx, iplany

1, plane reference surface, O curved reference surface (zdistx and zdisty).

ma2x, m2y

M-squared values for x and y.

radx, rady

Phase radius of surrogate gaussian.

zrayx, zrayy

Axial half-width of Rayleigh range.

zdistx, zdisty

Axial location of surrogate gaussian waist.

insidx, insidy

1if beam isinside Rayleigh range, O if curved.

WSX, WSY Local transverse radius of surrogate gaussian.

GLASS Properties of optical glassfor Lensgroup. Component
Command Forms(s): GLASS

glass/beam/ (list or set) (glassname) kbeam
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GLASS GLASS

Command Forms(s):  GLASS (Continued)

glass/wavelength (glassname) 1lambda
glass/coefficients (glass name)

glass/set type a0 al a2 a3 a4 a5
glass/index index

Description: GLASS
Extracts information from glass catal og.

Modifier 1 Description

/beam Use the wavelength of kbeam for calculating refractive index.

/wavelength Use lambda for calculating refractive index.

/coefficients List the dispersion coefficients of given glass name.

/set Set the user-defined glasstypeidentified as“ glass” inthelensgroup surface
definition lines.

/index Set the user-defined glasstypeidentified as“glass” inthelensgroup surface

definition linesto havethe specifiedindex.Thesameas“glass/index 5 a0”.

Modifier 2 Description

beam/list List index of refraction based on beam wavelength.

beam/set Set index of refraction of beam based on beam wavelength.

Character Sring Description

(glass name) Name of the glass or material from the lensgroup tables. glass will use the

coefficients from the last glass defined in 1ensgroup /define.

Numerical Values Description Defaults
kbeam Single beam number. 1
lambda Wavelength in microns.

type Dispersiontypefor “glass”. See definition of dispersion types

given with the lensgroup command.
a0,al,a2,a3,a4,a5 Dispersion coefficients. Definition dependson glass type.
index Index of refraction for “glass”.

Example of specifying just the index of refraction

lensgroup/def mylens/o
index 3.5
surface 1000 .1 glass
surface 1lel0 air
image focus
lensgroup/end
lensgroup/run mylens
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GLOBAL

GLOBAL

Initialize global positioning. Positioning

Command Forms(s): GLOBAL

global/define
global/operator
global/list
global/opl/list
global/opl/add
global/opl/set

Description: GLOBAL

ibeams x y z rx ry rz

ibeams x y z rx ry rz parity
ibeams

ibeams

ibeams opl yopl ppl

ibeams opl yopl ppl

The global command is used to define and list the global coordinate system. Each beam is assigned
aglobal position vector and aray coordinate matrix. The global position vector defines where the center of
the beam is. The ray coordinate matrix defines a set of (x, y, z) coordinates that identify the relation of the
information stored in the array and the global coordinate system. Theith global position vector isgr(3,i) and
rgr(3, 3, i) istheithray coordinate matrix. Theray coordinate matrix iscomposed of three column vectors

rgr(3,3,i) = [(X)(¥)(z)] (143)

where X;, y;, and z; are unit vectors.

The vectors f(i and §/i define the transverse coordinate system on which the complex amplitude is
defined. The vector Ei isthe ray direction vector (or k-vector).

Modifier 1 Description

/define If ibeams = 0then all beam position vector are set to (x, y, z).

/operator Global position is shifted from current position by x, vy, z, rx, ry, rz. No
diffraction takes place (nonphysical).

/list Lists position vectors and OPL and PPL values of all beamsif kbeam = 0 single

beam if kbeam # 0. OPL isthe optical path length and PPL is the physical path
length. These parameters are maintained internally in double precision but
displayed in single precision.

/opl List or define optical and physical path lengths.

Modifier 2 Description

/list List OPL values.

/add Add specified valuesto OPL or PPL.

/set Set specified OPL and PPL values.

Numerical Values Description Defaults
ibeams Beam number (O to select all beams). 1 tonbeam
X,Y,Z Trand ation coordinates. 0.,0.,0.
rX,ry, ¥z Starting rotation angles (deg.). 0.,0.,0.
parity +1, normal, -1 flips k-vector direction 180° after rotation. +1
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GRATING

GRATING

Numerical Values Description (Continued) Defaults
opl, yopl, ppl Optical path length for x- and y-directions and physical path
length.
System Variable Data Description
Opl, Oply, Ppl Optical, y-optical, and physical path lengths.
GRATING Diffractin grating. Component

Command Forms(s): GRATING

grating/cosine/absorption

grating/square/absorption
grating/cosine/phase
grating/square/phase
grating/blazed/phase
grating/global/cosine/
phase
grating/global/square/phase
grating/global/blazed/phase
grating/global/cosine/

absorption

grating/global/square/
absorption

grating/global/ramp/
absorption

Description: GRATING

ibeams period mod trans azdeg phi xdec
ydec

ibeams period mod trans duty azdeg phi
xdec ydec

ibeams ewav period azdeg phi xdec ydec
irefbeam

ibeams ewav period duty azdeg phi xdec
ydec irefbeam

ibeams blazeerror period azdeg phi xdec
ydec irefbeam

ibeams ewav period order irefbeam

ibeams ewav period order duty irefbeam
deltalambda

ibeams blazeerror period order irefbeam
deltalambda

ibeams period order mod trans deltalambda

ibeams period order mod trans duty
deltalambda
ibeams period order mod trans duty
deltalambda

This command applies atransmission grating to the beam. The equation is
/cosine/absorption

2 2

A, = AlJtrans((l— mod) + mOdCOS[Zn(X_ xdec) + phi:D

period

/square/absorption

A, = AlJtrans(l—r%g—mod-Sign(O.S, S))
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GRATING GRATING

S = 2 360 © 2 2 360

mod(x_ xdec N phi + 1 1) 3 sign(O.S, X—xdec phi N %.)‘ 3 duzty (146)

for the x-direction. Azdeg rotates the distribution counterclockwise. /square gives a square or
rectangular profile grating. Also see aberration /(ripple).

trans rectangular wave
| X1 X2
i )\ mod. transi
| 2 |
\ } \
‘ ; | | ; zero level
| | | |
| generating saw tooth | |
| | waveform s(x) | |
_ R
1 L
| ) | zero level
1
| duty - 3
, 1_’> xdec = xz—ﬁ
Xy —X
xdec —p% duty = 27
p
Fig. 17. Definition of square grating parameters.
/cosine/phase
. . 1
W = «Sing [ycos(azd + xsin(azdeg) ] ———— + phi 147
(xy) = ewav {[y (azdeg) +xsin(azdeg)|——=— +p 1} (147)
/square/phase
W(X, y) = ewav-Sqr{[yCOS(azdeg) + xsin(azdeg)]#, + phi} (148)
period
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GRATING

transmission wavefront

grating
diffracted
L A rays
% o substrate
ray
transmission gratin,
@ grating

GRATING

two-part model

reflective grating wavefront substrate
reflection

diffracted
rays diffracted

~ rays /
substrate ~
ray substrate

ray
(b) reflection grating

Fig. 18. Concept for grat ing/global. Bothrefractive and refl ective gratings can be treated with the same mode.
The optimum blazing angle lines up the diffracted ray from the grating with the refracted ray considering the optical
effect of the refraction at the blazed facet. (a) Shows arefractive grating. The resulting wavefront effect is shown
with dashed lines. (b) A reflective grating may be considered as two parts: a simple reflecting substrate (no grating)
and arefractive grating of comparable wavefront deformation (no substrate). This mirror should be implemented
with the global /mirror command followed with the global /grat ing command.

where “sgr” indicates a square wave.

mod trans

duty

Fig. 19. Concept for grating/global/ramp/absorption. An absorption grating with aramp function for
transmission. By default the duty cycleis set to 1.0 for ramp gratings.

Modifier 1 Description
/cosine Cosine waveform.
/square Square or rectangular wave grating.
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GRATING GRATING

Modifier 1 Description (Continued)

/blazed Blazed grating. Grating is defined in terms existing wavefront modulation: (n-1)xsurface
modulation. Grating lines aretilted facets at specified angle (after refraction or reflection).
Inideal design, the blazing angle is selected so, considering only one facet, the exiting
light is aligned with the angle of the diffracted order.

/global Phase grating is defined by global coordinates using preceeding vertex/rotate
commands. Grating is assumed to be located at current beam position (no automatic
propagationto vertex/locate position, use prop if necessary). Only specified order
isconsidered. Treatment isunresolved, i.e., it is not necessary to have sufficient sampling
density to resolve individual grating line structure. The efficiency is calculated for the
single diffractive order indicated and the beam is redirected to satisfy the grating equation
upon exiting from the grating.

Modifier 2 Description

/absorption Absorption grating.

/phase Phase grating.

/square Square shape for global grating.

/cosine Cosine shape for global grating.

/blazed Blazed shape for global phase grating.

/ramp Saw tooth shape for amplitude grating.

Modifier 3 Description

/absorption Absorption global grating.

/phase Phase global grating.

Numerical Values Description Defaults

ibeams Beam number (O to select all beams). 1 tonbeam

mod Modulation, 1 gives full modulation. 1.

period Grating period.

order Diffracted order for grating/global. 0

ewav Wavefront modulation in waves.

blazeerror Error of blazing angle of wavefront. For default value of 0, GLAD 0.

uses optimum blazing angle which matches refracted or reflected ray
due to grating facets with the diffracted ray based on grating period
and order.

duty Duty cycle for rectangular wave. 0.5, square

1.,ramp

trans Peak transmission. 1

azdeg Azimuth angle measured counterclockwise (degrees). 0.

phi Phase of grating in the center (degrees). 0

xdec, ydec Coordinates of grating center. 0.,0.

ewav Aberration coefficient (waves). 0.

irefbeam Reference beam number for wavelength for phase grating. ibeams

deltalambda Inceremental wavelength difference (cm) from beam value. Treated as

aphasetilt rather than achange in global data.
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HALFGAUSSIAN Gaussian with different left and right sides. Begin-end

Command Forms(s): HALFGAUSSIAN
halfgauss kbeam peak leftwidth rightwidth xdec ydec nl nr

Description: HALFGAUSS
Defines a gaussian which has different properties on the left (x < xdec ) and right (X > xdec ) sides.

2 2 nr
- _ LL) J
[(XY) Peakexp[ z(rightwidth , X>xdec (149)
X2 + 2 nl
- _ _L) J
1(X,Y) Peakexp[ Z(rightwidth , X< xdec, (150)
Numerical Values Description Defaults
kbeam Single beam number. 1
peak Peak intensity value. 1.
rightwidth Width for right half-plane.
leftwidth Width for left half-plane.
xdec, ydec Coordinates of beam center (cm).
nl,nr L eft and right supergaussian exponents.
HELP Activatestext-based Help (see PDF manuals). Language

Command Forms(s): HELP
help (string)

Description: HELP

Activatesamenu driven help file. Superior forms of help are now available as described below. May be
run as a command line in GLAD or as a separate program gladhelp.exe. The data file help.sor must be in
the current directory. If a command-modifier string is given, for example, plot/xslice, GLAD will
look up that sequence. Otherwise, help begins with the top-level menu.

Online helpisavailablein three forms. Both IDE.EXE and WATCH.EXE have MSWindows Help files
available from the main menu bar to describe operation of these windows programs. You can also access
the full set of GLAD manuals in online form from the Help item on the IDE.EXE menu bar. These online
documents use the Adobe Acrobat Reader 7.0 and provide high quality online viewing and support printing
of selected pages with high resolution Postscript. There is also a character based search program called
gladhelp.exe, which may be accessed through the help command or run independently. This program is
still provided primarily for backward compatibility as the online documentation is superior.

Sring Description
(string) Optional command-modifier sequence for help to look up.
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HERMITE I nitialize beam to Her mite polynomials. Begin-end

Command Forms(s): HERMITE

hermite/(con, noadjust, ibeams energ xrad yrad xnor ynor xdec ydec
or res)

Description: HERMITE

Defines an initial Hermit-Gaussian field distribution. Sets geometric data such as beam center, waist
size and location, and reference surface shape (plane). By default the units are automatically computed. The
transverse modes of ideal stable resonators take the form of Hermite-gaussian polynomials or Lagurerre-
gaussian. The general polynomial form of the Hermite-gaussian functions is

u, = 2 v 1 1/ZHn @( exp —X—Z (151)
& (el

n
2now )

where n is the order of the polynomial, o, is a waist radius parameter similar to the gaussian beam and
H, (x) aretheHermitefunctions. The two-dimensional functions may be described by multiplying two one-
dimensional functions. The order and waist parameters may be different for the two directions.

Modifier 1 Description

/con Conserve current units (default).

/noadjust Conserve current units, do not reset surrogate gaussian. Always selected in
resonator mode.

/res Rescale: compute new optimum units prior to generating file.

Numerical Values Description Defaults

ibeams Beam number (0 to select all beams). 1 tonbeam

energ Total beam energy (mw). 1.

xrad, yrad Reference radius, o). Beam size (cm).

XNor, ynor Hermitian order in specified direction. 1.

xdec, ydec Coordinates of beam center (cm).

HIGHNA High numerical aperturelens. Component

Command Forms(s): HIGHNA

highna/focus kbl kb2 focallength
highna/collimate kbl kb2 focallength

Description: HIGHNA

This command models a high numerical aperture lens using vector diffraction. A dipole projection
model, which is described in GLAD Theory Manual Sect. 6.4, (theory.pdf), is used. The dipole projection
model divides the optical field into atransverse mode and an axial mode. See Example Ex90 for asimple
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example. Beam kb1 is the incident beam, which must be polarized. After the lens, Kb1 contains the
transverse mode. Kb2 must be unpolarized and, after the lens, will contain the axial mode.

Modifier 1 Description
/focus Applies vector diffraction to form athree-dimensional focus.
/collimate Applies vector diffraction to propagate a bean from a three-dimensional focus to

afollowing pupil and recollimates the beam. Beam kb2 contains no useful
information after this operation.

Numerical Values Description Defaults
kb1 Incident beam, must be polarized. After the lens contains the 1
transverse mode.
kb2 Contains the axial mode after the lens. Must be unpolarized but
of thesame sizeaskb1.
focallength Focal length of the lens.
HOMOGENIZER Beam homogenizer. Component
Command Forms(s): HOMOGENIZER
homogenizer/largescale kbl kb2 magnification kb3
homogenizer/finescale kbl kb2 cycles focallength kb3 icent jcent

Description: HOMOGENIZER

This function models the microstructure of an idealized beam homogenizer. Useful for determining the
magnitude of coherent artifacts that would arisein alenglet array beam homogenizer (see Fig. 20). Lendlet
apertures are assumed to be rectangular. The function divides the pixels width in kb1 by the pixel with of
kb2 to find the number of lendet elements (powers of 2). For example if Kb1is512 x 512 and kb2 is 64
x 64 there will be alendet array of 8 x 8 lenses. To get an array of 10 x 10, use a 16 x 16 array and mask
off the outer 2 lens elements on each side with a rectangular aperture. The units with the finescale
choice are

, _ cycles Af
AX = N NAX (152)

as compared with the units after an ordinary lens Ax” = Af/NAXx, where N is the array length.

The largescale view overlaps the distributions at each lenslet incoherently to show the envelope
smoothing. Finescale calculates the coherent effects. Neighboring lenslets create interference fringes.
These effects are very fine scale according to the angles of the lendlet beams as they intersect at the target
plane. The smaller the coherence width (autocorrelation size) of the distribution the smaller the magnitude
of the coherence effects.

Modifier 1 Description
/largescale Calculates large scale features due to incoherent summations.
/finescale Calculates microstructure due to coherent and partially coherent effects.
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Numerical Values Description Defaults
kb1l Source beam. 1
kb2 Beam for coherent sum (starts from zero each time). The number of 2

elementsisthe line width of kb1 divided by the line width of kb2,
so beams must be of different size. For example, nline(kb1) = 512
and nline(kb2) = 64. The units of kb2 are set to
Ax, = SyclesM
NzAx1
where N isthe width of the array in pixels of kb2.
magnification Magnification of homogenizer. Sets scale of output array.

cycles The number of cycles of the microstructure to be observed. The
number of cycles and the focal length determine the units for kb2
and kb3.

focallength Focal length of large lens of homogenizer. Sets scale of output array.

kb3 Optional beam for cumulative incoherent sum (not reset). Must be

the same dimensions as kb2 (which isreset for each call).

icent, jcent Relative point in the plane of the mask (measured in pixels) where M/2+1, N/2+1
the coherence effects are to be observed.

focal length

random
input

target plane
recollimating lens

Fig. 20. A lens array is positioned in an optical beam. A smoothed random input isincident on the lendet array. A
recollimating lens results in the beams overlapping at the target plane (plane of amask for photolithography. The
target planeis not precisely conjugate to the plane of the input. However, the effects of propagation are usually
negligible at the target plane. The principal coherent diffraction effect isdueto the relative angles of the overlapping
beam determined by the angle of the chief rays from the various apertures.
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HTML Control HTML viewer. Language
Command Forms(s): HTML

html/info

html/start/(browser, nobrowser)

html/stop

html /browser/(start, stop)

html/browser/executable (name with full path)

html/output/ (hide, normal, 1list)
html/picture/(hide, normal, 1ist)
html/location/(off, current, bottom, absolute, relative)

html/polling/off

html/polling/pause ipause
html/polling/period seconds _polling
html/maximum_ lines maximum_lines

html/svg/(on, of £, 1ist)
html/svgz/(on, off, 1ist)
html/wmf/(on, of £, 1ist)

Description: HTML

Output will be writtento an HTML file and displayed in the user’s default browser (tested with Internet
Explorer, Firefox, and Corel). Output is in the form of text, tables, and plots. Table items have tooltips
(popup definitions) that provide definitions when the mouse is placed over the item. This actioniscalled a
mouse-over. The output lineinformation is placed below the source line and dynamically and automatically
updated, so that the user may easily see the program progress through a macro. Output information may
optionally be hidden or displayed with the “[-]” and “[+]" controls. Graphics are displayed at the output
information at the point they are generated. The new scalable vector graphics (SVG) are the default plot
format for HTML graphics. The SV G graphics may be scaled to double size or hidden. When the same plot
name is used multiple times each version is saved. By default the most recent version is displayed but the
user may select any version using the “<* and “>" controlsin the HTML plot name.

Optionally the user may use /1ocation to cause the browser to keep the current line (along with other
choice) in view as the output lines are generated. The browser view may be “refreshed” but the *back”
control of the browser does not work on this type of dynamically generated HTML files.)

Modifier 1 Description

/info List information on the HTML state.

/start Start output to GladOut.html and browser and turn on SV G graphics and set
\location\current.

/stop Stop writing HTML output.

/browser Start up browser to view entry html file: (installation folder)\htmI\GladOut.html.

/output Optionally hidethe HTML output text and tables. Hidden output may be displayed
by clicking the [+] control to display more information.
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Modifier 1 Description (Continued)

/picture Optionally hide picturesin HTML output. Hidden pictures may be displayed by
clicking the '[+]' control.

/location Sets the view of the browser to always show a particular line. Default is locate/off.

/polling Controlls the polling of the HTML browser that checks for updates. Rapid polling

can hinder interactive use. Can be manually turned on by the user. Default is“ off”.
/maximum_lines Turnon or off creation of Scalable Vector Graphics (svg) graphic files.

/svg Turn on or off creation of Scalable Vector Graphics (svg) graphic files.

/svgz Turn on or off creation of compressed Scal able Vector Graphics (svgz) graphicfiles.
Does not work with FireFox.

/wmf Turn on or off creation of Microsoft Windows Metafile File (wmf) graphic files.

Only works with Internet Explorer.

Modifier 2 Description

/(on or of £) Turn feature on or off.

/(start or stop) /start manualy startsthe HTML browser and directsit to .\html\gladout.html.
html/start will start the browser automatically. /st op closes the browser
manually.

/executable Set the browser to use by giving its exact path and executable name enclosed in
single quotes. Common browsers include iexplore.exe, opera.exe, safari.exe, and
chrome.exe. (FireFox does not process SV G graphics from local files.)

/(browser or Start with browser or start without activating browser. If the user starts the browser

nobrowser) manually, it should be directed to: (installation folder)\htmI\GladOut.html.

/list Display status of this feature.

/(hide, normal, Optionally output text, tables, or picturesin hidden mode. Select “[+]” to expand a

list) hidden item. Use /normal to revert to normal condition or /11ist to display
status.

/ (off, pause, TheHTML filesare operated by Javascript controls. The Javascript checksto seeif

period) the page should be updated periodically. The use may turn polling off, pause once

for specified seconds, or set the polling period in seconds. The default polling
period is one second.

Numerical Values Description Defaults
ipause Seconds for one-time pause with html /polling/pause. 10
seconds_polling Interval between browser polling events. One second isthe 1

default and the minimum value.
maximum lines Maximum number of HTML linesallowed in output. Each output 1000
lineis dynamically and automatically placed below the source
line. For very long runs the number of lines could consume
excessive disk space.

IF Logical branching in the command file. Language

Command Forms(s):  |F
if Numl (Relop) Num2 (input line)
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Command Formg(s): |F (Continued)

if Num then
(command lines)

endif

if Numl (Relop) Num2 then
(command lines)

else
(command lines)

endif

if Num (input line)

if [math expression] then
(command lines)

endif

if [math expression] then
(command lines)

else
(command lines)

endif

if [math expression] (inputline)

Description: |F

Allows conditional command execution. If the logical expression “numl relop num2” is true, then
(input line) is processed. Otherwise, no operation takes place. The input line may be a command or a
variable assignment but not another if command. Numl and Num2 are numbers, variables, or
mathematical expressions. The i £ command may also be used in BLOCK-IF form where the commands

between then and endif are executed only if the condition evaluates as “true”. Seelif.inp

the examples folder.
Examples:

if x > y status # (x and y must be predefined)

if 2*3>4 then; status; endif

included in

Par ameter Description

(Relop)

Operator < lessthan, > greater than, = equal to, <= less or equal to, >= greater or
egual to, <> not equal to, !=not equal to (alternate form).

(input line)

Onasingleline i f statement, any GLAD command except another i £ may be
used.

(command lines)

In an IF-ENDIF block any command lines may be used including another I F-
ENDIF block up to 8 levels.

math expression

Any math expression. Must be enclosed in brackets.

Num

Single number. O values resultsin false. True for non-zero values.

Numl

First operand.

Num?2

Second operand.
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INFILE

Reads beam data from an exter nal file.

I nput-output

Command Forms(s):

infile/beam/sqr
infile/intensity/sqr
infile/real/sqr
infile/intphase/sqr
infile/intwave/sqr
infile/phase/sqr
infile/wavefront/sqgr
infile/beam/rec
infile/intensity/rec
infile/real/rec
infile/intphase/rec
infile/intwave/rec
infile/phase/rec

infile/wavefront/rec

Description: INFILE

INFILE

(Filename) kbeam nline units color
attribute zreffrad
(Filename) kbeam nline
attrib zreffrad
(Filename) kbeam nline
attrib zreffrad
(Filename) kbeam nline
attributge zreffrad
(Filename) kbeam nline
attribute zreffrad
(Filename) kbeam nline
attribute zreffrad
(Filename) kbeam nline
attribute zreffrad
(Filename) kbeam nlinx nliny unitx
radrefx radrefy ipolz attribute
(Filename) kbeam nlinx nliny unitx
radrefx radrefy ipolz attribute
(Filename) kbeam nlinx nliny unitx
radrefx radrefy ipolz attribute
(Filename) kbeam nlinx nliny unitx
radrefx radrefy ipolz attribute
(Filename) kbeam nlinx nliny unitx
radrefx radrefy ipolz attribute
(Filename) kbeam nlinx nliny unitx
radrefx radrefy ipolz attribute
(Filename) kbeam nlinx nliny unitx
radrefx radrefy ipolz attribute

units color

units color
units color
units color
units color

units color

radref ipolz

radref ipolz

radref ipolz

radref ipolz

radref ipolz

radref ipolz

radref ipolz

unity color
zreffrad
unity color
zreffrad
unity color
zreffrad
unity color
zreffrad
unity color
zreffrad
unity color
zreffrad
unity color
zreffrad

Infile alowsentry of an array of datafrom auser supplied file to define a beam field distribution.

Modifier 1 Description

/beam Reads in amplitude in real-imaginary complex form.

/intensity Readsinintensity asareal number and sets phaseto zero. (except for byteformat).

/real Readsin real part of complex amplitude and |eaves imaginary part unchanged of
beam intensity (except for byte format).

/aimaginary Reads in imaginary part of complex amplitude and leaves real part unchanged of
beam intensity (except for byte format).

/intphase Reads in intensity and phase (radians) in intensity-phase complex form.

/intwave Reads in intensity and wavefront (wavelengths) in intensity-wave complex form,

waves = - phase/2/r.
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Modifier 1 Description (Continued)

/phase Reads in and applies phase as real numbers. Intensity is left unchanged.

/wavefront Readis in and applies wavefront as real numbers. Intensity is left unchanged.
waves = - phase/2/r.

Modifier 2 Description

/sqr Axially symmetric or square geometric data.

/rec Asymmetric or rectangular geometric data.

Sring Description

(Filename) /(M odifier
1)/ (Modifier 2)

Name of datafile to input. Enclose name in single quotes to allow special
characters. Thefilenameis preceded by a path nameif one has been defined with
set/path.

FileName M odifier 1

Description

/header

Geometric datais on datafile. Geometric datais all data after kbeam.

/noheader

Existing datais used or taken from command line.

FileName M odifier 2

Description

/list

Dataisread in list directed format (default)

read (Filename,*) list

/comma or /excel

Comma delimited format with N elements on arow and M rows to make an N x
M array. Inputs real-imaginary data pairs for “beam” input. Same as Excel *.csv
format. May be written by /comma or /excel formatswithoutfile.

/80 Dataiswritten in 80 column format (1x,4E18.10).

/blankdelimited Similar to commadelimited except commas are replaced with blanks.
/binary Dataisread as binary file.

/byte Dataisread as an integer map of intensity values. 256 gray levels. /noheader

and /intens must be selected.

Numerical Values Description Defaults
kbeam Single beam number. Required

Header values Description Defaults

nline Dimension of the square array. nlinx(kbeam)
nlinx X-dimension of the rectangular array. nlinx (kbeam)
nliny Y-dimension of the rectangular array. nlinx

units Units. units (kbeam)
unitx X-units. unitsx(kbeam)
unity Y-units. unitx

color Wavelength in microns. color(kbeam)
radref Radius of the spherical phase bias. 1e20

radrefx X-radius of the toric phase bias. 1e20

radrefy Y-radius of the toric phase bias. radrefx

ipolz 0 for one polarization state. 1 for two polarization states. 0
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Header values Description (Continued) Defaults
attribute Array attribute. See array command. 1 (beam)
zreffrad Used for axicon modes. 0.

The data file should be structured as described bel ow

A(i,3) - complex array
R(1i,7) - real part of complex array
Record 1

If Modifier 2is /sqr

read ngeo (ngeo = 7)
read nline units color radref ipolz attrib zreffrad

If Modifier 2is /rec

read ngeo (ngeo = 10)
read nlinx nliny unitx unity color radrefx radrefy ipolz attrib zreffrad
Computer Array Records

(If ipolz=1, then GLAD reads the second polarization state after the first state isread.)
If Modifier 1is /beam

do j = 1, nlinys
read (a(i,j),i=1,nlinxs)
If Modifier 1is /intens

do j = 1, nlinys
read (r(i,j)),i=1,nlinxs)
Theintensity values are stored in the real part of the array

fortran program to create aafilefor infile

program out
create unformatted, no header outfile

read with:
infile out.dat/no/unf 1

an array of 64 x 64 is created with a circle of radius 10
set to (1.,0.) and all other points zero.

the file size created is 33280 bytes in size.

Q0000000 aoaa

complex a(64,64)

data kout/1/

data nsize/64/

open (kout, file='out.dat', status="new', form="unformatted')
jc = nsize/2 + 1

ic = nsize/2 + 1

do 20 j=1,nsize

y =3Jc -3

do 10 i=1,nsize

X =1 - ic

a(i,j) = (0.,0.)
if ((x**2 + y**2).1e.100.) a(i,j) = (1.,0.)
10 continue

c

c output a complete row of complex numbers with fortran
¢ unformatted write
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c
write (kout) (a(i,j),i=1,nsize)
20 continue
end

C program to create afile for connect or infile

/*

program to create a file to be read by either CONNECT or INFILE
This program assumes a 32 bit word.

The format for CONNECT is a simple binary file of length 32768 bytes.

input data with
connect out.dat 1

**** the connect command is a destructive read operation
**** make a copy of the file to be read if it is to be reused

The format for INFILE may be written and read in binary format
input data with
infile out.dat/no/binary 1

an array of 64 x 64 is created with a circle of radius 10
set to (1.,0.) and all other points zero.

*

/

#include <stdio.h>

#include <stdlib.h>

#include <string.h>

#include <math.h>

#ifdef  STDC

buf write(long nbytes, int binary, float *buffer);
#endif

FILE *kout; /* output handle */

main ()
{
float areal, aimag; /* real and imaginary parts of complex number */
float x, vy; /* x and y coordinates */
int 1i,73; /* indices for scanning array */
int ic,jc; /* center point of array */
int nsize=64; /* number of complex words in a row */
int binary; /* 0 selects binary, 1 selects FORTRAN unformatted */
long nbytes; /* number of bytes to send */
char input[10]; /* character array for input */
char name[8]; /* character array for file name */
float *p; /* buffer pointer*/
float buffer[128]; /* data buffer */

printf ("Program to make file for either CONNECT or INFILE\n");

printf ("Select format: 0 CONNECT (default), or 1 INFILE. (0 or 1) ");
(void) gets(input) ; /* get format selection */

binary = atoi(input) ;

if (binary>1||binary<0) binary = 0;
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if (binary==1) f{

printf ("Writing out.dat. Read with\ninfile out.dat/no/binary 1\n");

strcpy (name, "out .dat") ;

else {

printf ("Writing outs.bea. Read with\n connect out 1\n");

strcpy (name, "outs.bea") ;

kout = fopen (name, "wb") ;

if (kout==0)

{ printf ("error in opening %s\n",name) ;

exit (0);

}
/*

nbytes = number of complex words * bytes per complex word
*/

nbytes = nsize*8;

jc = nsize/2 + 1; /* find center point of array */
ic = nsize/2 + 1;
for (j=1;j<=nsize;j++) /* loop over rows */
y = jc - 3J; /* write from top to bottom */
p = buffer;
for (i=1l;i<=nsize;i++) /* loop over columns */
{
x = ic - 1i; /* write from left to right */
areal = 0.;
aimag = 0.;

if ((x*x + y*y)<=100.)

{
}

*p++ = areal; /* write real */
*p++ = aimag; /* write imag. */
} /* end of column loop */
(void) buf write(nbytes,binary,buffer);
} /* end of row loop */
return 0;

areal = 1.; /* set center points to (1.,0.) */

}

buf write(long nbytes, int binary, float *buffer)

{
if (fwrite(buffer, nbytes, 1, kout)!=1) {
printf ("Failed to write data\n");
exit (0) ;

}

return 0;

INITIALIZE Reinitialize to starting condition.

INITIALIZE

Operator

Command Forms(s): INITIALIZE

initialize
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Description: INITIALIZE

Reinitialize to origina starting condition except for top level input and output. May be used from
command file. Should only be called interactively or from a command file called by just one level of
read/disk.

Example of command file

nbeam 2 # set two two beams

mult/beam 1 2 # multiply intensity of beam 1 by 2

energy # energy of beam 1 should be 8192

mult/beam 2 4 # multiply intensity of beam 2 by 4

initialize # reinitialize to initial state, except for top level IO
nbeam # should just be one beam now

energy # energy should be reinitialized to 4096

INT2PHASE, INT2WAVES Convertsirradiance to phase screen. Operator
Command Forms(s): INT2PHASE, INT2WAVES

int2phase/one kbeam alpha

int2waves/one kbeam alpha

int2phase/two kbeaml kbeam2 alpha

int2waves/two kbeaml kbeam2 alpha

Description: INT2PHASE, INT2WAVES

This commands converts an intensity distribution into a phase screen so that the rich selection of
intensity setting and modifying commands can be used to establish phase distributions. The complex
amplitude will take the form,

int2phase/one ax, y) —» gy (153)
int2waves/one ax,y) — gizmal (%) (154)
joly (% y)
int2phase/two a(xy) - a(x ye *2 (155)
—j2maly (X, y)
int2waves/two a,(x,y) > a(xye e (156)
1 1

where o isthe conversion factor for power per square centimeter to radians, 1(x, y) isthe starting intensity
map, and a(x, y) isthe resulting amplitude distribution. The complex amplitude distribution may then be
used with themult /beam command to impose the phase distribution.

Also see real2phase and real2waves ).

Modifier 1 Description
/one Transform intensity into a phase screen using a single beam.
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Modifier 1 Description (Continued)

/two Multiply the amplitude of Beam 1 by a phase screen based on the intensity of
Beam 2.

Numerical Values Description Defaults

kbeam Single beam number for /one. 1

kbeaml, kbeam?2 Beam numbers for /two. 1,2

alpha Coefficient for converting power density to phasein 0.
radians (int2phase) or wavelengths (int2waves).

INTEGRATE Integratesintensity or amplitude. Operator

Command Forms(s): INTEGRATE

integrate/irradiance/x kbeam
integrate/irradiance/y kbeam
integrate/amplitude/x kbeam
integrate/amplitude/y kbeam

Description: INTEGRATE
Integrate the irradiance or amplitude in the x- or y-direction.

Modifier 1 Description

/irradiance Integrate irradiance.

/amplitude Integrate amplitude.

Modifier 2 Description

/x Integrate in x-direction.

/Yy Integrate in y-direction.

Numerical Values Description Defaults

kbeam Single beam number. 1

INTENSITY Makestable of irradiance values. Diagnostics

Command Forms(s):  INTENSITY
intensity/xslice/(Modifier 2) kbeam xyline start end imax

intensity/yslice/(Modifier 2) kbeam xyline start end imax
intensity/yslice/(Modifier 2) kbeam xpoint ypoint start end imax

Description: INTENSITY

Printsintensity and phase of beam along an x or y-dlice. Printed datais selected from the row or column
nearest to the coordinate specified by xy1 ine. Dataisinterpolated to points specified by start and end.
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INTMAP

Entire field array is switched to intensity/phase format in order to improve interpolation accuracy. This
conversion may affect field data below athreshold amplitude of 1.e-10.

Modifier 1 Description
/xslice Prints field data for a horizontal x-dlice (default).
/yslice Prints field datafor avertical y-dlice.
/zslice Prints field data for a z-slice through a 3D array.
Modifier 2 Description
/wavefront Prints phase information in waves (default)

waves = —Eg%S—e.
/phase Prints phase information in radians.
Numerical Values Description Defaults
kbeam Single beam number. 1
xyline Coordinate of row or column (cm). Beam center.
xpoint Coordinate of row, 1 to N. (integer)#1 Beam center.
ypoint Coordinate of column, 1 to N. (integer)#1 Beam center.
start Left or lower side of data (cm). Field edge.
end Right or upper side of data (cm). Field edge.
imax Maximum number of points printed. 16
INTMAP Simpleinteger intensity map. Diagnostics

Command Forms(s): INTMAP

intmap/intensity kbeam icycl
intmap/absolute kbeam
Description: INTMAP

Prints an integer map of the beam kbeam or absolute value map if /abs is specified. The intensity
valuesaredisplayed assingleintegers (0 to 9) in arectangular map. Each integer correspondsto a 10% range
of intensity values. The top 1% values are shown by an asterisk. Logarithmic display may be selected by
specifying icycl to set the number of cycles (/ int mode only).

Modifier 1 Description

/intensity Plot intensity values.

/absolute Plot absolute amplitude values.
Modifier 2 Description

/nohead L eave off top and bottom column labels.
/head Add top and bottom column labels.
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Numerical Values Description Defaults

kbeam Single beam number. 1

icycl Number of logarithmic cycles. (for /int modifier only) linear
icycl =0giveslinear plot.

INVERSE Calculatesinver se of beam distribution. Operator

Command Forms(s): INVERSE

inverse kbeam

Description: INVERSE

Thisrouti ?e inverts the complex amplitude.
a(i) > —==If a(i) = 0, theinverseis set to 0 also. This routine is used in Ex14 to make a beam

shaping filte')

Numerical Values Description Defaults

kbeam Single beam number. 1

IRRADIANCE Takes absolute value squar ed of beam data. Operator

Command Forms(s): IRRADIANCE

irradiance kbeam

Description: |RRADIANCE

This command sguares the complex amplitude distribution in the array to give the irradiance
distribution.

a(i) — la(i)|® (157)

Caution should be exercised not to propagate the irradiance distribution.
Also see amplitude command.

Numerical Values Description Defaults
kbeam Single beam number. 1
JABERR Jones calculus polarization aberrations. Aberration

Command Forms(s): JABERR

jaberr/radius rx ry tx ty
jaberr/zeroth/pauli a00 a0l a02 a03 p00 p0l1 p02 p03
jaberr/second/pauli a20 a2l a22 a23 p20 p2l p22 p23
jaberr/zeroth/jones ar ai br bi cr ci dr di
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Command Forms(s): JABERR (Continued)

jaberr/second/jones ar ai br bi cr ci dr di
jaberr/list/pauli

jaberr/list/jones

jaberr/surf kbeam

jaberr/medium kbeam deltaz

jaberr/clear

Description: JABERR

This command models a surface using a zeroth and second order approximation to the sensitivity to the
local incidence angle at each point on the surface. The coefficients may be listed with /1ist. The surface
radii and tilt angles must be explicitly set by the user. In later versions these will be better integrated into
the other features of the program.

The Jones matrix may be directly defined using the /§ones modifier or defined in terms of Pauli spin
matrices. See Sect. 14.3, GLAD Theory Manual (theory.pdf).

Modifier 1 Description

/radius Defines the radii of the surface.

/zeroth Zeroth order coefficient matrix.

/second Second order coefficient matrix.

/surf Apply matrix as a surface effect.

/medium Apply matrix as an exponential effect.

/list List parameter.

/clear Set radii to infinity and other coefficients.

Modifier 2 Description

/jones Jones matrices are set directly or displayed if /jones iscalled the Pauli formis
recal cul ated.

/pauli Pauli spin matrices are used to set Jones matrix the corresponding Jones matrix is

calculated each timethe /pauli command is called. If several calls are used to
build up the Pauli matrix.

Numerical Values Description Defaults

kbeam Single beam number. 1

rX, ry Radii of the surface (cm). 1e20

anm Amplitude coefficients. a00 = 1,alotherso
tx, ty Transverse positionin x and y.

pnm Phase coefficients (deg).

ar,ai,br,bi,cr,ci,di Real andimaginary componentsof Jonesmatrix.

deltaz Distance along propagation distance direction.
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JONES Jones calculus oper ations. Operator

Command Forms(s): JONES

jones/set ar ai br bi cr ci dr di
jones/list

jones/multiply kbeam
jones/exponential kbeam z
jones/linpol kbeam theta
jones/left kbeam

jones/right kbeam
jones/retard kbeam azimuth phi
jones/optact kbeam theta
jones/orthogonal k1l k2
jones/faraday kbeam theta
jones/kerr kbeam

Description: JONES

This command models a surface using a zeroth and second order approximation to the sensitivity to the
local incidence angle at each point on the surface. The general Jones matrix may be set with the /set
modifier and may be listed with /1ist. The general matrix may be directly applied by the /multiply
modifier.

E, = {(Ar’ ) B Bi)] E, (158)
(Cr’ Ci) (Drr Di)

The exponential operation may be applied by the modifier /exponential. Thismodelsthe effect of
a continuous medium with polarization-active effects. The coefficients are assumed to be in cm. The
exponential operator

A a) BB
(€,.C) (0. D)
E,=e E, (159)

The exponential of amatrix isfound from the series

(160)

eA:Z

k=0

A"
k!

The operators for left and right circular polarizers, linear polarizers, retardance, optical activity and
Faraday rotation, and Kerr (or Pockels cells) are applied directly as they are defined and |eave the general
Jones matrix in with the revised form. Optical activity is distinguished from Faraday rotation by having the
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sign of the rotation reversed for beams of left-handed parity. Parity is reversed each time the beam hits a
mirror.

Modifier 1 Description
/set Set general Jones matrix coefficients.
/list List general Jones coefficients.
/multiply Apply general Jones matrix.
/exponential Jones matrix for distributed medium.
/1linpol Linear polarizer.
/left Left circular polarizer.
/right Right circular polarizer.
/retard Retarder.
/optact Optical activity.
/orthogonal Separates perpendicular and orthogonal components of beamk 1 relativeto beam k2.
/faraday Faraday rotator.
/kerr Kerr or Pockels cell.
Numerical Values Description Defaults
kbeam Single beam number. Required
k1, k2 Input beam numbersfor /orthogonal. returns the part of k1
perpendicular to k2 in k1 and the part of k1 parallel to k2 ink2.
azimuth Azimuth rotation angle of component. 0.
phi Phase of retarder (degrees). 0.
theta Rotation of optical activity or in Faraday (degrees). 0.
z Propagation distance for exponential operator. 0.
JSURF Fresnel transmission and reflection coefficients. Component

Command Forms(s): JSURF

jsurf/fresnel/(Modifier2) kbeam nl n2 rx ry tx ty kappa
jsurf/goos/(Modifier 2) kbeam nl n2 tx ty kappa
jsurf/single/(Maodifier 2) kbeam ni nf ns thick rx ry tx ty rdx rdy tdx tdy

Description: JSURF

This command models refractive and reflective polarization effects due to Fresnel or single layer
interference filter coefficients at a surface. See Polarization, Chap. 14, GLAD Theory Manua (theory.pdf).
The incidence angles are computed using a combination of real and paraxial anglesasillustrated in Fig. 21.
See Example Ex37 for examples of these features.
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angle vector plot
for finite Tx
Tx
9
Tx i,
Tx)
Ry
angle vector plot for finite Ty
Fig. 21. jsurf adlowsalargetilt anglein either the x- or y-directions and paraxial angles due to surface curvature
as shown by angle vector plots shown on theright for Tx (top) and Ty (bottom). The pupil isindicated by acircular

region. Tx and Ty arereal angles measured as rotations about the x- or y-axes respectively. The angles dueto surface
curvature are treated as paraxia angles.

Modifier 1 Description

/fresnel Fresnel surface.

/goos Goos-Hanchen shift. Jones operations implemented in the far-field.
/single Single layer thin file coating.

Modifier 2 Description

/trans Transmission coefficients.

/refl Reflection coefficients.

Numerical Description Defaults
Values

kbeam Single beam number. 1

nl Index of incident medium. 1.

n2 Index of following medium. 1.

ni Medium of incident medium. 1

nf Thin film index. 1

ns Substrate index, index of propagation is set to thisvalue after jsurf. 1.
thick Thickness of film. 0.
rX,ry Radii of surface. 1e20, 120
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Numerical Description (Continued) Defaults
Values
tx, ty Real tilt angles of the surface (in degrees) about the respective axes. Only 0., 0.

one of tx of ty may be specified. For transmission the units will be
adjusted at theend of jsurt.

rdx, rdy Radii of film thickness allowing film to be slightly thinner or thicker at o,

the edges than at the center.
tdx, tdy Tilt of film thickness (radians). 0., 0.
2 2
thickness= thick + + = Xx.tdx+y.td
T rax T 2. rax x+yetdy
kappa Component for complex index of refraction in reflection for 0.

/fresnel/refl. Thecomplex index of refractionis n+jnx.

LAGUERRE Initializes beam to L aguerre-Gaussian. Begin-end
Command Forms(s): LAGUERRE

laguerre/cir ibeams energ rad nor por phi xdec ydec pradx prady
laguerre/ell ibeams energ xrad yrad nor por phi xdec ydec pradx prady

Description: LAGUERRE

Defines an initial Laguerre-gaussian field distribution. Sets geometric data such as beam center, waist
size and location, and reference surface shape (plane). By default the units are automatically computed. The
transverse modes of ideal stable resonators take the form of Hermite-gaussian polynomials or Laguerre-
gaussian. The Laguerre-gaussian functions are described in cylindrical coordinates.

i(2p+m+1) m 2\ 2,02 .
U1, ©) = J 2p! e (ﬁr) Lm[z—rJer “ogim(®-0) (161)

(1+80m)n(m+ p)! O o(zy P wg

where 0 isthe azimuthal variation, p istheradial order, misthe azimuthal order; 80m adeltafunction with
the value 1 for m = 0 and O otherwise, and L[)n isthe Laguerre polynomial.

Modifier 1 Description

/cir Circular configuration.

/ell Elliptical configuration.

Modifier 2 Description

/noadjust Conserve current units, do not reset surrogate gaussian. Always selected in
resonator mode.

/con Conserve current units.

/res Rescale: compute new optimum units prior to generating file.

Numerical Values Description Defaults

ibeams Beam number (0 to select all beams). 1 tonbeam
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LENS

Numerical Values

Description (Continued) Defaults

energ

Total beam energy (mw). 1.

rad, xrad, yrad

Reference radius.

Beam size (cm).

nor, por

Radial and azimuthal orders (maximum of 20). 0., O.

phi

Azimuthal angle.

xdec, ydec

Coordinates of beam center (cm).

pradx, prady

Phase radius of curvature in x- and y-directions. e,

LENS Implementsideal lens. Component
Command Forms(s): LENS
lens/sph/element/(Modifier 3) ibeams fl

lens/xcyl/element/(Modifier 3) ibeams
lens/ycyl/element/(Modifier 3) ibeams
lens/toric/element/(Modifier 3) ibeams
lens/sph/surface/(Modifier 3) ibeams
lens/xcyl/surface/(Modifier 3) ibeams
lens/ycyl/surface/(Modifier 3) ibeams
lens/toric/surface/(Modifier 3) ibeams
lens/flat/surface ibeams

lens/grin

Description: LENS

ibeams

xfl

vfl

xfl yfl

radius index [(glass)]

xradius index [(glass)]

yradius index [(glass)]

xradius yradius index [(glass)]
index

gamma zstep

Models an ideal lens with specified focal length. See 1ensgroup for a detailed surface by surface
description with aberration analysis. If no vertex has been defined, the specified lensisapplied at the current
beam position. If a vertex has been defined, the beam is moved to the vertex by an interna call to
prop/vertex andthelensisthen applied asan ideal el ement, always rotated to be aligned with the beam
towhichitisapplied. Thevertex must be redefined after each propagation step. Seethe vertex command.
The imaged waist size and location are recomputed after the lens.

Modifier 1 Description

/sph Rotationaly symmetric thin lens (2nd order accuracy).

/xcyl Cylindrical thin lens.

/vecyl Cylindrical thin lens.

/toric Toric thin lens (2nd order accuracy).

/flat Surface element having aflat surface. Changes index of refraction.
/grin Gradient index lens.

Modifier 2 Description

/element Lens defined by focal length (default).

/surface Single surface defined by radius and index of refraction.
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Modifier 3 Description
/geometric Lens modifies geometric radii of curvature (default), as displayed by geodata.
/phase Lenstreated as phase object. Only long focal lengthswill be adequately sampled.

Check for wavefront aliasing by plotting wavefront.

Parameter Description

glass Name of glassfor /surface. May useglassnamedin Table L.1 or “glass’ as
defined by the glass command. Theindex for the wavelength of the beam will
be calculated. If glass nameis not given, the index may be defined by the index
variable and will apply to all beams without regard to wavelength.

Numerical Values Description Defaults
ibeams Beam number (O to select all beams). 1 tonbeam
f1 Focal length of rotationally symmetric thin lens. 1e20
xfl Focal length of x-cylindrical thin lens. 1e20
yfl Focal length of y-cylindrical thin lens. 1e20
radius Surface radius. le20
xradius X-radius of cylinder or toric surface. 1e20
yradius Y-radius of cylinder or toric surface. 1e20
index Index of refraction if not defined by glass name

parameter.
gamma Coefficient of index profile for GRIN lens. Index

distribution is assumed to take the form:.

n(r) = no- 577’

The ABCD solution takes the form:

ABCD(z) = | ©08(¥2) sin((v2))/y
—ysin(yz) cos(yz)

zstep Length of the GRIN lens. 0.

LENSARRAY Array of lenses. Component
Command Forms(s):  LENSARRAY

lensarray/hexagonal/set piston xtilt ytilt focus omega
lensarray/hexagonal/all kbeam width focallength iseed
lensarray/hexagonal /element kbeam xcell ycell width focallength iseed
lensarray/hexagonal /clear kbeam xcell ycell width wvalue
lensarray/hexagonal /paste/ kbeaml kbeam2 xcell ycell width

element

lensarray/hexagonal /paste/all kbeaml kbeam2 width
lensarray/hexagonal /multilevel kbeam width nl n2 n3 n4iseed
lensarray/rectangular/set piston xtilt ytilt focus omega
lensarray/rectangular/all kbeam xwidth ywidth focallength iseed
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Command Forms(s): LENSARRAY (Continued)

lensarray/rectangular/element kbeam xcell ycell xwidth ywidth
focallength iseed

lensarray/rectangular/paste/ kbeaml kbeam2 xcell ycell xwidth ywidth
element

lensarray/rectangular/paste/ kbeaml kbeam2 xwidth ywidth

all

lensarray/rectangular/clear kbeam xcell ycell xwidth ywidth wvalue
lensarray/rectangular/ kbeam xwidth ywidth nl n2 n3 n4 iseed
multilevel

Description:. LENSARRAY

Thisroutinemodelsan array of lenses. If the /a11 modifier isused, acomplete array is produced, each
with the same focal length. Random errors for piston, tilt, and defocus may be specified by the /set
modifier. A single element may be cleared by the /clear modifier or modified by the /element
modifier.

(-2.2) | (-=1,2) | (0,2) (1,2) | (2

(-2,1) | (=11 | (0.1) | (1,1) | (1,2)

(=2,0) | (-=1,0) | (0,0) (1,0) (2,0)

(=2, —1)|(=1,=1) (0,—1) | (1,-1) | (2,—1)

(=2.-2)|(-1,-2)| (0.-2) | (1.-2) | (2,-2)

Fig. 22a. Hexagonal array showing numbering system.  Fig. 22b. Rectangular array showing numbering system.

The aberrations are defined to have peak aberration values as specified for the x-width for either
hexagonal or rectangular shapes. The /multilevel modifier putsin random piston, tilt, or defocusin
discrete levels. No focal length (other than that of defocus) isadded in /multilevel mode.

Modifier 1 Description

/hexagonal Hexagonal shape as defined by the x-width.

/rectangular Rectangular shape as defined by x- and y-width.

Modifier 2 Description

/set Sets random errors and intensity roll-off coefficient. Also, setsvaluesto be used
by /element wherethey are used exactly.

/all Implements complete lens array.

/clear Clears the specified cell and resets transmission to value.
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LENSARRAY

Modifier 2 Description (Continued)

/element Sets values only for the specified cell. Effects are additive.

/paste Paste the complex amplitude values of beam kbeam?2 into kbeam1 within the
region defined by the cell address and width. Matches the center of kbeam?2 to
the center of the cell and uses linear interpolation. The beams may be of different
size, for example, the beam to be pasted in may be just large enough to cover one
cell.

/multilevel Selectsmultilevel mode. Random aberrations are added based onthe / set values
and using levelsdefined by n1, n2, n3, and n4.

Modifier 3 Description

/element Paste a single element by cell addressfor /paste (default).

/all Paste dl elementsfor /paste.

Numerical Values Description Defaults

piston Random phase piston in degrees.

kbeam Single beam number. 1

kbeaml, kbeam?2 For /paste kbeaml isthelensarray. kbeam2 contains
the values to be pasted.

width x-width of hexagon. 3 X-units

xwidth, ywidth

x-width and y-widths of rectangle 3 X-units, 3 y-units

xtilt,ytilt

Random tilt val ues, coefficient setsvalueat x-hal f-width;
also tilt valuesfor /element.

focus Random defocus value, coefficient sets value at x-half- 0.
width; also piston valuefor /element.
omega Exponential fall off of transmission based on coordinates

2

X2 +y2
Ck Ck]
0

of the center of the cell. (%o Ye,) = exp(—

where Xe, and Yo, € the center coordinates of the kth

element. Transmission applies uniformly to entire cell.

nl,n2,n3,n4

Number of levelsfor /multilevel modefor 0,0,0,0
piston,xtilt,ytilt,anddefocus.|fthenumber

of levelsis 0, the corresponding aberration is not added.

value

Transmission valuefor /clear. Transmission applies 1.
uniformly to entire cell.

xcell, ycell

Cell coordinates (see Figs. 22aand 22b) for /clear and

/multilevel.
focallength Focal length of lens element in cm. 1e20
iseed Random seed. self-seeding.
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LENSGROUP Exact ray tracing analysis of lensesand mirrors. Component

Command Forms(s): LENSGROUP

lensgroup/run/(standard, fringe, (name) kbeam nrays rnorm cutoff
radial)

lensgroup/trace

lensgroup/build (name) kbeam nrays rnorm cutoff
lensgroup/define (name) / (overwrite status)
lensgroup/end

lensgroup/dir

lensgroup/init

lensgroup/list (name)
lensgroup/add (name) first last
lensgroup/change (name) first last
lensgroup/delete (name) first last
lensgroup/close

lensgroup/append (filename)

Description: LENSGROUP

The 1ensgroup command implements a system of lensesin traditional geometrical optics form. The
lensgroup command requiresimplementation of the GLAD feature set isrequired. The user may specify
radius, thickness, and index of refraction.

Modifier 1 Description

/run Implements the lens file on beam kbeam. With Ver. 5.5 and higher the physical
optics equivalent lens (see Chap. 20, GLAD Theory Manual) that has already
been built by 1ensgroup/build or apreviouscal to lensgroup/run,
may be directly accessed. For exampleif alens called “mylens’ has previously
been built for Beam 1, the physical optical equillavent system may be accessed
from thefile“lenlib” by lensgroup/run mylens 001. Directly
accessing the physical opticsequivalent lens savestime by eliminating the* build”
step. The user must make sure that the same beam number and incident radius of
curvature exist. The physical optics equilavent system may be examined by
lensgroup/list (for example lensgroup/list mylens 001)or by
using atext processor to examine “lenlib” when GLAD is not running.

/trace Evaluate lens performance using either /default to accept default wavelength
and paraxia vauesor /beam to use beam values.

/build Trace rays through the system and build the equivalent system to be used by
/run. Caled automatically by /run.

/define Creates a new lens file. Subsequent commands will not be executed, but will be

placed in the macro being defined. Terminate /def ine mode with
lensgroup/end or “1” asthefirst character in theline.

/end If alog-filelensfileisbeing created that file will be closed. If alensfileisbeing
executed, it will be terminated.
/dir Lists namesin lens library with starting line number.
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Modifier 1 Description (Continued)

/init Recal culatesthelensdirectory by reading thelenslibrary and resetting the starting
numbers.

/list Liststhe lens or physical optics equivalent lenssuchas mylens 001. Line
numbers for reference in editing.

/add Adds the new line numbers from first to last. GLAD prompts for the lines which
must be typed in by the user.

/change Replaces lines.

/delete Deleteslines from first to last. (Deletion of the entire lensis described in the list
of parameter modifiers below.)

/close Closesfile LENLIB soit can be edited by asystem editor. Seecommand sy stem
for using system functions from within GLAD. LENLIB will automatically be
reopened at the next call to vertex.

/append (Not currently active.) Append lensdeck fileto library. Thelensgroupisgiven the
same name as the file given, less the suffix. If alensgroup of the same name
already exists, itisreplaced. File namesof theform * .GRP areinterpreted asbeing
in GLAD format. File names of the form *.ZMX are assumed to be in Zemax
format and are copied into * .GRP format before appending to library.

Modifier 2 Description

run/fringe Set of 37 polynomials organized by polynomial order based on the sum of radia
and azimuthal orders (default). Used in many interferometric reduction programs.
/fringe has more radial terms and fewer azimuthal terms. Seefitzern,
Table 2.

run/standard Set of 45 polynomials organized by radial order. All azimuthal termsareincluded.
Seefitzern, Table 1.

run/radial Set of radial polynomials up to 20th order. See fitzern, Table 3.

Character Sring

Description

(Name)

Lens name (character string).

(Name)/nooverwrite Used with /define. If input is currently from aterminal and the name

exists, the user isasked if the file should be overwritten.

(Name)/overwrite Used with /def ine. If thefile specified exists, thefileis overwritten by
the new macro.

(Name)/delete Deletes the named lensgroup, e.g.,
lensgroup/define xxx/delete # deletes macro XXX

Numerical Description Defaults

Values

kbeam Single beam number. 1

first First line number of lens as displayed by 1ensgroup/list.

last Last line number of lensas displayed by 1lensgroup/list.

nrays Number of rays across the diameter of the pupil tobeusedin  nrays

calculating aberrations.
rnorm Normalizing radius. Beam size from

geodata
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Numerical Description (Continued) Defaults

Values

cutoff Cutoff for Zernike aberration coefficients to be used. 0.002
LENSGROUP/APPEND Addsalensdeck filetothelenslibrary. Component

Command Forms(s): LENSGROUP/APPEND
lensgroup/append (Filename)

Description: LENSGROUP/APPEND

The command 1ensgroup/append adds alens deck file to the lens library. The lens deck file may
bein GLAD format or in the format of one of the other lens design programs supported by GLAD. Thefile
type determined by the file suffix. GLAD will create alensin the library using the same name as the file
(stripped of the suffix). If alens group of the same name already exists it is deleted before appending the
new lens group.

For non-GLAD formats, the first and last surfaces are assumed to be the object and image surfaces and
are deleted. At present, pickups and solves are not processed.

Sring Description

Filename File name of input lens deck to be addsto library. The name should bein theform
“name.grp”.

LENSGROUP/BUILD Build the physical optics equivalent of a lens. Component

Command Forms(s): LENSGROUP/BUILD

/build/default/(modifier 3) (name) xo rel yo rel lambda nrays rnorm cutoff
[(listing type)]
/build/beam/(modifier 3) (name) kbeam nrays rnorm cutoff [(listing type)]

Description: LENSGROUP/BUILD

Thecommand 1ensgroup/build buildsaphysical opticsequivalent of the designated lensgroup by
tracing rays through the system. It is called automatically by 1ensgroup/run if the equivalent system
has not been defined or has changed.

Modifier 2 Description

/beam Use actual beam data, requires kbeam. Object point and wavelength are
determined by incident beam (default).

/default Use paraxial data from object line of lens data. Wavelength may be changed by
setting lambda.
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LENSGROUP/DEFINE

Modifier 3 Description

/fringe Set of 37 polynomials organized by polynomial order based on the sum of radial
and azimuthal orders (default). Used in many interferometric reduction programs.
/fringe has moreradial terms and fewer azimuthal terms. See fitzern,
Table 2.

/standard Set of 45 polynomialsorganized by radial order. All azimuthal termsareincluded.
Seefitzern, Tablel.

/radial Set of radial polynomials up to 20th order. See fitzern, Table 3.

Character String

Description

name

Lensgroup name.

Numerical Values Description Defaults
kbeam Single beam number. 1
lambda Wavelength for /default. Default valueistaken from
the object line of the lens definition.
xo rel,yo rel Rays are traced with respect to relative paraxial object 0., 0., 0., 0.

position for /default.

nrays Number of rays across the diameter of the pupil to be
used in calculating aberrations.
rnorm Normalizing radius. Beam size from
geodata
cutoff Cutoff for Zernike aberration coefficients to be used. 0.002
LENSGROUP/DEFINE Definealensgroup. Component

Command Forms(s):

lensgroup/define

LENSGROUP/DEFINE
(name) / (overwrite status)

Description: LENSGROUP/DEFINE

A geometrical optics calculation is used to calculate the change in paraxial values, aberrations, and
diffraction propagation length, which are applied to the beam. Aperturesin the lens deck defined by clap act
to vignette the beam. The vertex/locate and vertex/rotate commands locate the lensin space.
Default field size, numerical aperture, and wavelength are defined to be used by the geometrical analysis
with lensgroup$tracel ensgroup/trace .

The surface curvature in terms of z as a function of transverse coordinatesx and y is

2
cr

(162)
1+[1-cr’(1+0)]

2 2 2
r“=x"+y",

4 6
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where z isthe distance along the axis (the sag of the surface), x and y are the transverse coordinates, ¢ isthe
curvature of the surface (the inverse of the surface radius), k is the conic constant, a,, ag, €tc. are the
general aspheric coefficients, If surface/zernike is specified the coefficients are interpreted as
Zernike coefficients. See Table 3. The conic constant is related to the eccentricity of the conic, k = —32 .
For asimple spherical surface x = 0 and the general aspheric coefficients are zero.

The glass may be selected from Schott, Hoya, Ohara, infrared, and miscellaneous catalogs listed in the
attached tables. GLAD uses one of the following dispersion equations,

Type 1: Schott N° = Ag+ AL+ AL 2+ AL + AL+ ALS (163)
, ) KA K2 Kl ALY ALY AL
Type 2: Sellmeier 1 N"-1=— > += == += += (164)
Type 3: Hertzberger N = A+BL + CL?+ DA%+ EL* + FA® (165)
2 2 4 6 1
A~ —0.028
_ 2 B,A° By AL A
Type 4: Sellmeier 2 N"-1=A+— += =Agt += (166)
y S I Y M-A, VoA,
_ A B AL A
Type 5: Conrady N = Ny+ iy + kT5 = Ag+ % + kT5 (167)
_ A B AL A
Type6: Inversepower N = Nj+ St = Ay + =+ (168)
AT A AT A
L ensgroup Command Form(s)
object lambda yfield yna zsurf zpupil xfield xna [(glassname)]
surface lensgroup/c radius thickness cc a4 a6 a8 al0 al2 al4 alé al8 a20
onic curvature [(glassname)]
surface lensgroup/z radius thickness cc a4 a6 a8 al0 al2 al4 alé al8 a20
ernike curvature [(glassname)]
clap lensgroup/(cir, rad xdec ydec

sqr, or hex)

clap lensgroup/(ell xrad yrad xdec ydec
or rec)

obs lensgroup/(cir, rad xdec ydec

sqr, Or hex)

obs lensgroup/(ellor xrad yrad xdec ydec
rec)
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L ensgroup Command Form(s) (Continued)

vertex/rotate rX ¥y rz

vertex/locate xshift yshift zshift

glass type a0 al a2 a3 a4 ab

index index

image radius thickness cc a4 a6 a8 al0 al2al4 alé6 al8 a20

curvature [focug]

lensgroup/end

pupil first surface

yfield

zsurf

Fig. 23. Paraxial coordinates are defined with respect to the first surface.

L ensgroup commands Description

object Default wavelength and paraxia values in object space.

surface lensgroup  Spherical surface.

lensgroup/end Terminates lens data entry.

clap lensgroup Sameasclap command, except the beam number is omitted.

obs lensgroup Same as obs command, except the beam number is omitted.

vertex/rotate Rotation angles of coordinate break in degrees with respect to lens group
axis. All elementswill be referenced to new coordinates.

vertex/locate Coordinate break of lens group axis. All subsequent surfaces will be
referenced to new coordinates. Trandations are performed in the global
coordinate system.
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L ensgroup commands

Description (Continued)

glass

Specify glass coefficientsin the form
glass type a0 al a2 a3 a4 ab

Refer to this glass by the name “glass’ in the surface command.

index Sameasglass 5 a0 toset valuefor glass. Use parameter glass on
subsequent surface.
image Image surface. The image surface may be curved and an incremental

thicknessis allowed.

L ensgroup command
modifiers

Description

conic

Conic surface with even power aspheric coefficients.

zernike

Conic surface with radially symmetric Zernike coefficients.

cir, sqgr,ell, or hex

Aperture or obscuration shapes.

vertex/rotate/add

Add values to internal vertex rotation.

vertex/rotate/set

Set values for intenal vertex rotation.

vertex/locate/add

Add values to internal vertex location.

vertex/locate/set

Set values for intenal vertex location relative to front vertex.

glass Specify glass coefficientsin the form
glass type a0 al a2 a3 a4 ab

Modifier 3 Description
/element Paste asingle element by cell addressfor /paste (default).
/all Paste all elementsfor /paste.
Par ameter Description
(glass name) Glassname: air, reflector, glass, or aglass name from one of the glass catalogsin

the accompanying Tables 12 to 16.
focus Causes GLAD to calculate paraxial image distance.
Numerical Values Description Defaults
yfield Half-width of object field, y-direction.
yna Numerical angle in object space, y-direction. 0.
zsurf Distance from object to first surface. 1e20
zpupil Distance from first surface to pupil. 0.
xfield Half-width of object field, x-directions. yfield
xna Numerical angle in object space, x-direction. yna
radius Radius of curvature (default type for first parameter). Either

Radius or Curvature may be specified.
curvature Alternate definition of surface curvature. Variable assignment

must be used.
thickness Distance to next surface measured in current vertex coordinates.

thickness on the image line is added in front of the image.
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Numerical Values Description (Continued) Defaults

cc, a4, a6, a8,al0, Conicconstant and 4th through 20th order aspheric coefficients.
al2,al4,alé,als, If surface/zernike isspecifiedthe coefficientsare
a20 interpreted as Zernike terms. See Table 3.

type Dispersion type for glass. See dispersion types (199).
a0,al, a2,a3, a4, a5 Dispersion coefficientsfor glass.

Examples 1. Simplelens

lensgroup/def demo/o

object lambda=.589 yfield=1.745e8 yna=1le-10 zsurf=1el0 air
surface 100. .2 bk7 # radius 100, thickness .2, BK7
clap/cir 1.0 # clear aperture of 1 cm radius
surface cur=.02 0. air # curvature .02, thickness 0, AIR
image focus

lensgroup/end

color 1 1.06

c

c start with a gaussian beam having a width of .005, after
¢ 100 cm, the beam width is .67484 at the lens

gauss/c/c 1 1 .005

vertex/locate/rel 0 0 100 # translate 100 cm

vertex/rotate 1 0 0 # tip lens 1 degree about x-axis
lensgroup/run demo 1 # implement lens

Example 2: Forward and backward through alens

R1 = 200
Tl = 2

R2 = -300
T2 = 4.5
R3 = -200
T3 = 4

R4 = -350

alias glassl bk7
alias glass2 air
alias glass3 bk7
thick = T1 + T2 + T3

lensgroup/def forward/o
surface R1 Tl @glassl
surface R2 T2 @glass2
surface R3 T3 @glass3
surface R4 0 air
image focus

lensgroup/end

c

c Write lens in reverse order

c

lensgroup/def backward/o
surface -R4 T3 @glass3
surface -R3 T2 @glass2
surface -R2 Tl @glassl
surface -R1 0 air
image focus

lensgroup/end

c

c Now set up a mirror to retro-reflect to illustrate procedure

vertex/locate/abs 0 0 Z start
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lensgroup/run first 1

vertex/locate/abs 0 0 Z mirror

prop/vertex

c

¢ Just to illustrate find a mirror radius that will exactly retro-reflect
c

variab/set Prad beam no prad list

mirror/global -Prad

vertex/locate/abs 0 0 Z start+thick # start at the back of the lens
vertex/rotate/set 180 0 0 # rotate lens show rear surface faces the beam
lensgroup/run backward 1

Table. 12. Schott glasses available from GLASS.CAT.

BAF3 1.583 46.5 BAF4 1.606 43.9 BAFS5 1.607 49.4
BAF8 1.624 47.0 BAF9 1.643 48.0 BAF12 1.639 45.2
BAF13 1.669 45.0 BAF50 1.683 44.5 BAF51 1.652 44.9
BAF52 1.609 46.4 BAF53 1.670 47.1 BAF54 1.667 48.2
BAFN6 1.589 48.5 BAFN10 1.670 47.1 BAFN11 1.667 48.4
BAK1 1.572 57.5 BAK2 1.540 59.7 BAK4 1.569 56.1
BAKS5 1.557 58.7 BAK6 1.574 56.4 BAK50 1.568 58.0
BALF3 1.571 52.9 BALF4 1.580 53.7 BALF5 1.547 53.6
BALF6 1.589 53.0 BALF8 1.554 51.2 BALF50 1.589 51.4
BALF51 1.574 52.1 BALK1 1.526 60.0 BALKN3 1.518 60.2
BASF1 1.626 39.0 BASF2 1.664 35.8 BASF5 1.603 42.5
BASF6 1.668 41.9 BASF10 1.650 39.2 BASF12 1.670 39.2
BASF13 1.698 38.6 BASF14 1.700 35.0 BASF50 1.710 36.6
BASF51 1.724 38.1 BASF52 1.702 41.0 BASF54 1.736 32.2
BASF55 1.700 34.7 BASF56 1.657 36.7 BASF57 1.651 41.9
BASF64 1.701 39.6 BASF64A 1.704 39.4 BK1 1.510 63.5
BK3 1.498 65.1 BK6 1.531 62.2 BK7 1.517 64.2
BKS8 1.520 63.7 BK10 1.498 66.9 Fl 1.626 35.7
F2 1.620 36.4 F3 1.613 37.0 F4 1.617 36.6
F5 1.603 38.0 Fé 1.636 35.3 EF7 1.625 35.6
F8 1.596 39.2 F9 1.620 38.1 F13 1.622 36.0
Fl4 1.601 38.2 F15 1.606 37.8 FK1 1.471 67.3
FK3 1.464 65.8 FK5 1.487 70.4 FK51 1.487 84.5
FK52 1.486 81.8 FK54 1.437 90.7 FN11 1.621 36.2
K3 1.518 59.0 K4 1.519 57.4 K5 1.522 59.5
K7 1.511 60.4 K10 1.501 56.4 K11l 1.500 61.4
K50 1.523 60.2 K51 1.505 59.5 KF1l 1.540 51.1
KF3 1.515 54.7 KFe6 1.517 52.2 KF9 1.523 51.5
KF50 1.531 51.1 KZF6 1.527 51.1 KZFN1 1.551 49.6
KZFN2 1.529 51.6 KZFS1 1.613 44.3 KZFS6 1.592 48.5
KZFS7A 1.681 37.4 KZFS8 1.720 34.6 KZFSN2 1.558 54.2
KZFSN4 1.613 44.3 KZFSN5 1.654 39.6 KZFSN7 1.681 37.2
KZFSNS 1.599 46.9 LAF2 1.744 44.7 LAF3 1.717 48.0
LAF9 1.795 28.4 LAF11A 1.757 31.7 LAF13 1.776 37.8
LAF20 1.682 48.2 LAF21 1.788 47.4 LAF22 1.782 37.1
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Table. 12. Schott glasses available from GLASS.CAT. (Continued)

LAF22A 1.782 37.2 LAF25 1.784 41.3 LAF26 1.746 40.0
LAFN7 1.750 35.0 LAFN8 1.735 41.6 LAFN10 1.784 44.0
LAFN11 1.757 31.8 LAFN21 1.788 47.5 LAFN23 1.689 49.7
LAFN24 1.757 47.8 LAFN28 1.773 49.6 LAKS8 1.713 53.8
LAK9 1.691 54.7 LAK1O0 1.720 50.4 LAK11 1.658 57.3
LAK16A 1.734 51.8 LAK20 1.693 51.6 LAK21 1.640 60.1
LAK23 1.669 57.4 LAK28 1.744 50.8 LAK31 1.697 56.4
LAK33 1.754 52.4 LAKL12 1.678 54.9 LAKL21 1.640 59.8
LAKN6 1.643 58.0 LAKN7 1.652 58.5 LAKN12 1.678 55.2
LAKN13 1.694 53.3 LAKN14 1.697 55.4 LAKN16 1.734 51.7
LAKN22 1.651 55.9 LASF3 1.808 40.6 LASF8 1.807 31.6
LASF11 1.802 44.3 LASF13 1.855 36.6 LASF14A 1.822 37.5
LASF32 1.803 30.4 LASF33 1.806 34.2 LASF35 2.022 29.1
LASF36A 1.797 35.1 LASFNS 1.850 32.2 LASFN15 1.878 38.1
LASFN18 1.913 32.4 LASFN30 1.803 46.4 LASFN31 1.881 41.0
LF1 1.573 42.6 LF2 1.589 40.9 LF3 1.582 42.1
LF4 1.578 41.6 LF5 1.581 40.8 LFé6 1.567 42.8
LEF7 1.575 41.5 LF8 1.564 43.8 LGSK2 1.586 61.0
LLF1 1.548 45.8 LLF2 1.541 47.2 LLF3 1.560 47.2
LLF4 1.561 45.2 LLF6 1.532 48.8 LLF7 1.549 45.4
PK1 1.504 66.9 PK2 1.518 65.1 PK3 1.525 64.7
PK50 1.521 69.7 PK51A 1.529 77.0 PSK2 1.569 63.1
PSK3 1.552 63.5 PSK50 1.558 67.3 PSK52 1.603 65.4
PSK53A 1.620 63.5 PSK54 1.586 64.6 SF1 1.717 29.5
SF2 1.648 33.8 SF3 1.740 28.2 SF4 1.755 27.6
SF5 1.673 32.2 SF6 1.805 25.4 SE7 1.640 34.6
SF8 1.689 31.2 SF9 1.654 33.7 SF10 1.728 28.4
SF11 1.785 25.8 SF12 1.648 33.8 SF13 1.741 27.6
SF14 1.762 26.5 SF15 1.699 30.1 SF16 1.646 34.0
SF17 1.650 33.7 SF18 1.722 29.2 SF19 1.667 33.0
SF50 1.655 32.9 SF51 1.660 32.9 SF52 1.689 30.6
SF53 1.728 28.7 SF54 1.741 28.1 SF55 1.762 27.0
SF56 1.785 26.1 SF56A 1.785 26.1 SF57 1.847 23.8
SF58 1.918 21.5 SF59 1.952 20.4 SF61l 1.751 27.5
SF62 1.681 31.9 SF63 1.748 27.7 SFL4 1.755 27.2
SFL6 1.805 25.4 SFL56 1.785 26.1 SFL57 1.847 23.6
SFN64 1.706 30.3 SK1 1.610 56.7 SK2 1.607 56.7
SK3 1.609 58.9 SK4 1.613 58.6 SK5 1.589 61.3
SK6 1.614 56.4 SK7 1.607 59.5 SK8 1.611 55.9
SK9 1.614 55.2 SK10 1.623 56.9 SK11 1.564 60.8
SK12 1.583 59.5 SK13 1.592 58.3 SK14 1.603 60.6
SK15 1.623 58.1 SK16 1.620 60.3 SK18A 1.639 55.4
SK19 1.613 57.4 SK20 1.560 61.2 SK51 1.621 60.3
SK52 1.639 55.5 SK55 1.620 60.1 SKN18 1.639 55.4
SSK1 1.617 53.9 SSK2 1.622 53.2 SSK3 1.615 51.2
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Table. 12. Schott glasses available from GLASS.CAT. (Continued)

SSK4 1.618 55.1 SSK4A 1.618 55.1 SSK50 1.618 52.6
SSK51 1.604 53.6 SSK52 1.658 50.9 SSKN5 1.658 50.9
SSKN8 1.618 49.8 TIF1 1.511 51.0 TIF2 1.533 46.0
TIF3 1.548 42.2 TIF4 1.584 37.0 TIF6 1.617 31.0
TIFN5S 1.594 35.5 TIK1 1.479 58.7 TISF1 1.673 28.9
UBK7 1.517 64.3 UK50 1.523 60.4 ULTRAN20 1.487 84.5
ULTRAN30 1.548 74.2 ZK1 1.533 58.0 ZK5 1.534 55.3
ZKN7 1.508 61.2 FPL51 1.497 81.6

Table. 13. Hoya glasses available from GLASS.CAT.

FC1 1.471 67.3 FC3 1.464 65.8 FC5 1.487  70.4
FCD1 1.497 81.6 FCD10 1.457 90.8 PC1 1.504 66.9
PC2 1.518 65.2 PC3 1.525 64.6 PCS1 1.517 69.7
PCD2 1.569 63.1 PCD3 1.552 63.4 PCD4 1.618  63.4
PCD5 1.617 62.8 PCD53 1.620 63.5 BSC1 1.510 63.4
BSC3 1.498 65.1 BSC4 1.500 66.0 BSC6 1.531  62.1
BSC7 1.517 64.2 BACL1 1.526 60.1 BACL3 1.518  60.4
c2 1.516 56.8 C3 1.518 59.0 C5 1.522 59.5
c7 1.511 60.5 C10 1.501 56.3 C12 1.523 58.6
C40 1.523 60.4 ZNC1 1.533 58.1 ZNC7 1.508 61.3
BAC1 1.572 57.5 BAC2 1.540 59.7 BAC4 1.569 56.0
BACS 1.557 58.6 BAC6 1.574 56.4 BACD1 1.610 56.7
BACD2 1.607 56.7 BACD3 1.609 58.9 BACD4 1.613 58.6
BACD5 1.589 61.2 BACD6 1.614 56.4 BACD7 1.607 59.5
BACDS8 1.611 55.8 BACD9 1.614 55.1 BACD10 1.623 56.9
BACD11 1.564 60.8 BACD12 1.583 59.5 BACD13 1.592 58.3
BACD14 1.603 60.7 BACD15 1.623 58.1 BACD16 1.620 60.3
BACD18 1.639 55.5 BACD50 1.607 55.0 BACED1 1.617 53.9
BACED2 1.622 53.1 BACED3 1.615 51.2 BACED4 1.618 55.2
BACEDS 1.658 50.8 BACED9 1.620 49.8 BACED20 1.648 53.0
LACL1 1.641 56.8 LACL2 1.650 55.7 LACL3 1.665 53.4
LACL4 1.670 51.7 LACL5 1.694 50.8 LACL6 1.640 60.2
LACL7 1.670 57.3 LACLS8 1.678 53.4 LACLS 1.678 50.5
LACL60 1.640 60.2 LAC6 1.643 58.0 LAC7 1.652 58.4
LACS 1.713 53.9 LAC9 1.691 54.7 ©LAC10 1.720 50.3
LAC11 1.658 57.3 LAC12 1.678 55.5 LAC15 1.697 56.1
FDS9 1.847 23.8 ©LAC13 1.694 53.3 LAC14 1.697 55.5
TAC1 1.726 53.4 TAC2 1.741 52.6 TAC4 1.734 51.0
TAC6 1.755 52.3 TAC8 1.729 54.7 CF2 1.526 51.0
CF3 1.515 54.6 CF4 1.534 51.5 CF5 1.523 51.0
CF6 1.517 52.2 SBF1 1.551 49.5 SBF2 1.529 51.6
SBF5 1.521 52.8 BAFL2 1.571 50.9 BAFL3 1.571  53.0
BAFL4 1.580 53.7 BAFL6 1.589 52.9 FEL1 1.548  45.8
FEL2 1.541 47.2 FEL3 1.560 47.1 FEL4 1.561  45.2
FEL6 1.532 48.8 FEL7 1.549 45.4 BAF2 1.570 49.4
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Table. 13. Hoya glasses available from GLASS.CAT. (Continued)

BAF3 1.583 46.5 BAF4 1.606 43.9 BAF5 1.607  49.3
BAF6 1.589  48.5 BAF7 1.608 46.2 BAF8 1.624  47.0
BAF9 1.643 47.9 BAF10 1.670 47.2 BAF11 1.667  48.3
BAF12 1.639 45.1 BAF13 1.669 44.9 BAF20 1.686  43.9
BAF21 1.664  48.9 BAF22 1.683  44.7 BAF23 1.652  44.9
FL1 1.573 42.6 FL2 1.589 41.0 FL3 1.582  42.0
FL4 1.578 41.7 FL5 1.581 40.9 FL6 1.567  42.8
FL7 1.575 41.5 FL57 1.576 41.4 F1 1.626  35.7
F2 1.620 36.3 F3 1.613 37.0 F4 1.617 36.6
F5 1.603 38.0 F6 1.636 35.3 F7 1.625 35.6
F8 1.596 39.2 F9 1.620 38.1 F11 1.621  36.0
F15 1.606 37.9 BAFD1 1.626 39.1 BAFD2 1.664  35.9
BAFD3 1.607 40.4 BAFD4 1.651  38.3 BAFD5 1.603  42.4
BAFD6 1.668 41.9 BAFD7 1.702  41.2 BAFDS8 1.723  38.0
BAFD10 1.650 39.3 BAFD14 1.700 34.9 BAFD15 1.702  40.2
BAFD16 1.600 42.5 FD1 1.717 29.5 FD2 1.648  33.8
FD3 1.740 28.2 FD4 1.755 27.5 FD5 1.673  32.2
FD6 1.805 25.5 FD7 1.640 34.6 FD8 1.689 31.2
FD9 1.654 33.7 FD10 1.728 28.3 FD11 1.785  25.7
FD12 1.648  33.8 FD13 1.741 27.8 FD14 1.762  26.5
FD15 1.699 30.0 FD18 1.722  29.2 FD19 1.667  33.1
FD20 1.720 29.3 FD4l 1.751 27.7 FD60 1.805 25.5
FD140 1.762 26.6 FDS1 1.923 20.9 FDS2 1.728  28.7
FDS3 1.785 26.1 FDS5 1.762 26.9 FDS30 1.785 26.1
FD110 1.785 25.7

Table. 14. Ohara glasses available from GLASS.CAT.

APL1 1.517 69.6 BAHI10 1.670 47.2 BAH11 1.667  48.3
BAH13 1.669  45.0 BAH22 1.664 35.8 BAH24 1.651  38.2
BAH26 1.668  41.9 BAH27 1.702  41.2 BAH28 1.723  38.0
BAH30 1.650 39.4 BAH32 1.670 39.3 BAH51 1.682  44.7
BAH53 1.686 44.0 BAH54 1.695 42.2 BAH71 1.702  40.1
BAH77 1.702  41.2 BAH78 1.723  38.0 BAL2 1.571  50.8
BAL3 1.571 53.0 BAL4 1.580 53.7 BALS 1.547  53.5
BAL6 1.589 53.2 BAL7 1.589 51.2 BAL11 1.573 57.8
BAL12 1.540 59.5 BALl4 1.569 56.3 BAL15 1.557 58.7
BAL16 1.574 56.5 BAL21 1.548 62.8 BAL22 1.569  63.2
BAL23 1.552  63.8 BAL35 1.589 61.2 BAL41 1.564  60.7
BALA42 1.583 59.4 BAL50 1.560 61.2 BAM1 1.557  48.5
BAM2 1.570 49.3 BAM3 1.583 46.4 BAM4 1.606  43.7
BAM5 1.607 49.2 BAM6 1.589 48.6 BAMS 1.624 47.1
BAM9 1.643  47.8 BAMI12 1.639  44.9 BAM21 1.626  39.2
BAM23 1.607 40.3 BAM25 1.603  42.3 BPH5 1.654 39.7
BPH8 1.720 34.7 BPH35 1.644  40.8 BPH40 1.676 37.5
BPH45 1.719 33.5 BPH50 1.740 31.7 BPM4 1.613  43.8
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Table. 14. Ohara glasses available from GLASS.CAT. (Continued)

BPM51 1.613 44 .2 BSL1 1.510 63.6 BSL3 1.498 65.0
BSL4 1.500 66.0 BSL6 1.531 62.5 BSL7 1.516 64.2
BSL10 1.498 66.8 BSL12 1.519 64.5 BSL21 1.504 66.8
BSL22 1.518 65.0 BSL23 1.525 64.6 BSM1 1.610 56.5
BSM2 1.607 56.8 BSM3 1.609 59.0 BSM4 1.613 58.8
BSM6 1.614 56.4 BSM7 1.607 59.4 BSMS8 1.611 55.9
BSM9 1.614 55.0 BSM10 1.623 57.1 BSM14 1.603 60.7
BSM15 1.623 58.2 BSMleC 1.620 60.3 BSMle6 1.620 60.3
BSM18 1.639 55.4 BSM19 1.613 57.4 BSM21 1.617 54.0
BSM22 1.622 53.2 BSM23 1.615 51.2 BSM24 1.618 55.0
BSM25 1.658 50.9 BSM28 1.618 49.8 BSM29 1.620 49.5
BSM36 1.642 58.4 BSM71 1.648 53.0 BSM81 1.640 60.1
BSM93 1.641 56.9 FPL51 1.497 81.6 FPL52 1.456 90.3
FPL53 1.439 95.0 FSL1 1.471 67.4 FSL3 1.464 65.9
FSL5 1.487 70.2 FTLS8 1.511 51.0 FTL1O 1.501 56.4
FTM8 1.533 45.9 FTMle6 1.593 35.3 LAH51 1.786 44 .2
LAH52 1.800 42.2 LAH53 1.806 41.0 LAHS54 1.816 44 .4
LAH55 1.835 42.7 LAH57 1.863 41.5 LAHSS 1.883 40.8
LAHS59 1.816 46.6 LAH60 1.834 37.2 LAH62 1.803 46.7
LAH63 1.804 39.6 LAH64 1.788 47.4 LAH65 1.804 46.6
LAH66 1.772 49.6 LAH67 1.795 45.3 LAH71 1.850 32.3
LAH75 1.874 35.3 LAL7 1.652 58.5 LALS 1.713 53.8
LALS 1.691 54.8 LAL1O 1.720 50.2 LALl11 1.658 57.3
LAL12 1.678 55.3 LAL13 1.694 53.2 LALl1l4 1.697 55.5
LAL1S8 1.729 54.7 LAL52 1.670 57.3 LAL53 1.670 51.6
LAL54 1.651 56.2 LAL55 1.658 53.4 LAL56 1.678 50.7
LAL57 1.678 53.4 LALS58 1.693 50.8 LAL59 1.734 51.5
LAL60O 1.726 53.6 LAL61 1.741 52.7 LAL64 1.697 56.5
LAM2 1.744 44 .8 LAM3 1.717 47.9 LAM7 1.749 35.3
LAMS8 1.735 41.1 LAM51 1.700 48.1 LAMS52 1.720 43.7
LAMS53 1.735 49.8 LAM54 1.757 47.8 LAM55 1.762 40.1
LAM56 1.686 49.2 LAM57 1.713 43.2 LAMS5S8 1.720 42.0
LAM59 1.697 48.5 LAM60 1.743 49.3 LAM61 1.720 46 .0
LAM62 1.783 36.2 LAM65 1.749 35.0 LAM66 1.801 35.0
NSL1 1.510 62.1 NSL2 1.516 56.8 NSL3 1.518 59.0
NSL5 1.522 59.8 NSL7 1.511 60.5 NSL21 1.526 60.0
NSL23 1.518 60.3 NSL31 1.540 51.0 NSL32 1.526 51.2
NSL33 1.515 54.7 NSL34 1.534 51.6 NSL35 1.523 50.8
NSL36 1.517 52.4 NSL50 1.523 60.0 NSL51 1.523 58.5
PBH1 1.717 29.5 PBH3W 1.740 28.3 PBH3 1.740 28.3
PBH4W 1.755 27.5 PBH4 1.755 27.5 PBH6W 1.805 25.4
PBH6 1.805 25.4 PBHI10 1.728 28.5 PBH11 1.785 25.7
PBH11W 1.785 25.7 PBH13W 1.741 27.8 PBH13 1.741 27.8
PBH14W 1.762 26.5 PBH14 1.762 26.5 PBHI18 1.722 29.2
PBH21 1.923 20.9 PBH23W 1.785 26.2 PBH23 1.785 26.2
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Table. 14. Ohara glasses available from GLASS.CAT. (Continued)

PBH25 1.762  27.1 PBH25W 1.762 27.1 PBH51 1.720  29.3
PBH53 1.847 23.9 PBH53W 1.847 23.9 PBH54 1.751 27.7
PBH71 1.923 21.3 PBH72 1.915 21.2 PBL1 1.548  45.8
PBL2 1.541  47.2 PBL3 1.560 47.0 PBL4 1.561  45.2
PBL6 1.532  48.9 PBL7 1.549  45.6 PBL21 1.573  42.6
PBL22 1.589 41.1 PBL23 1.582 42.1 PBL24 1.578  41.5
PBL25 1.581 40.8 PBL26 1.567 42.8 PBL27 1.575  41.5
PBL28 1.564  43.8 PBM1 1.626 35.7 PBM2 1.620 36.3
PBM3 1.613 37.0 PBM4 1.617 36.6 PBM5 1.603  38.0
PBM6 1.636 35.4 PBMS8 1.596 39.2 PBM9 1.620 38.1
PBM10 1.624 36.5 PBM11 1.621  35.9 PBM22 1.648  33.8
PBM25 1.673  32.1 PBM27 1.640 34.5 PBM28W 1.689 31.1
PBM28 1.689 31.1 PBM29 1.654 33.6 PBM32 1.648  33.8
PBM35 1.699 30.1 PBM39 1.667 33.0 PHM51 1.617 62.8
PHM52 1.618 63.4 PHM53 1.603 65.5 SSL2 1.529 51.7
SSL4 1.570 48.1 SSL5 1.521 52.5 SSL6 1.527 51.1
TIH6 1.805 25.4 TIH11 1.785 25.7 TIH14 1.762  26.5
TIH23 1.785 26.3 TIH53 1.847 23.8 TPH55 1.756 25.1
YGH51 1.755 52.3 YGH52 1.786 50.0 ZSL1 1.533  58.0
ZSL4 1.512 58.1 ZSL5 1.534 55.5 ZSL7 1.508 60.8
Table. 15. Miscellaneous glasses available from GLASS.CAT.

ACRYLIC 1.492 57.4 CAFL 1.434 95.0 KDP-EXT 1.463  755.6
KDP-ORD 1.503  229.2 LIF 1.393 74.1 POLYCARB 1.585 29.9
POLYSTYR 1.590 30.9 QUARTZ-E 1.553  68.8 QUARTZ-O 1.544  70.1
SAN 1.567 34.8 SAPPHIRE 1.768  72.2 SILICA 1.458 67.8
CAF2 1.434 94.3 SPINEL 1.723  -35.3 SFSO01 1.923 21.3
Table. 16. Infrared glasses available from GLASS.CAT.

AMTIR-1 2.532 0.0 GERMANIUM 4.024 0.0 IRGN6 1.528 0.0
IRTRAN1 1.353 0.0 IRTRAN2 2.250 0.0 IRTRAN3 1.410 0.0
IRTRAN4 2.438 0.0 IRTRANS 1.668 0.0 IRTRANG 2.688 0.0
CDTE 2.688 0.0 SILICON 3.934 6.2 GAP 3.362 3.5
GAAS

LENSGROUP/RUN I mplement the lens group. Component
Command Forms(s): LENSGROUP/RUN

lensgroup/run/(modifier 2) (name) kbeam nrays rnorm cutoff

Description:. LENSGROUP/RUN

The command lensgroup/run implements the lens at the current point in the beam train. An
equivalent lensis created by GLAD and added to LENLIB. This equivalent lensisused in physical optics
propagation. Modifier 2 defines the polynomial set used to characterize the aberration.
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Modifier 2 Description

/fringe Set of 37 polynomials organized by polynomial order based on the sum of radial
and azimuthal orders (default). Used in many interferometric reduction programs.
/fringe has moreradial terms and fewer azimuthal terms. See fitzern,
Table 2.

/standard Set of 45 polynomialsorganized by radial order. All azimuthal termsareincluded.
Seefitzern, Tablel.

/radial Set of radial polynomials up tp 20th order. See fitzern, Table 3.

Character String

Description

(name)

Lens group name.

Numerical Values

Description Defaults

kbeam

Single beam number. 1

nrays Number of rays across the diameter for lens evaluation.

rnorm Normalizing radius. Beam size from
geodata

cutoff Cutoff for Zernike aberration coefficients to be used. 0.002

LENSGROUP/TRACE Singleray, fan, and spot traces of lensgroup. Component

Command Forms(s): LENSGROUP/TRACE

/trace/paraxial/default (name) lambda [surface]

/trace/paraxial/beam (name) kbeam [surface]

/trace/seidel/default
/trace/seidel/beam
/trace/oneray/default

/trace/oneray/beam

/trace/ (xfanor
yfan) /default

/trace/ (xfan or yfan) /beam

(name) lambda [surface]
(name) kbeam [surface]

(name) xo rel yo rel xp rel yp rel lambda
[surface]

(name) kbeam xp rel yp rel [surface]
(name) xo rel yo rel lambda nrays [(listingtype)]

(name) kbeam nrays [(listing type)]

/trace/spot/default (name) xo rel yo rel lambda nrays [(listing type)]
/trace/spot/beam (name) kbeam nrays [(listing type)]
Description: LENSGROUP/TRACE

Thecommand 1ensgroup/trace tracesthelens group designated by name, using either the default
or actual beam datato specify the object location, numerical aperture, and stop location.

Modifier 2 Description

/paraxial Calculate paraxial ray trace. Assumes object liesin y-z plane.

/oneray Calculate single ray trace.

/seidel Calculate Seidel aberration polynomials. Assumes object liesin y-z plane.
/xfan, /yfan Calculate aray fan in the x- or y-direction.
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LENSGROUP/TRACE

Modifier 2 Description (Continued)

/spot Calculate spot diagram.

Modifier 3 Description

/default Use paraxial datafrom default lens data line. Wavelength may be changed by
setting 1ambda.

/beam Use actual beam data, requires kbeam. Object point and wavelength are

determined by incident beam.

Character Sring

Description

name

L ensgroup name.

Parameter Description

surface List intermediate surface datafor /seidel and /oneray.

listing type Type of surface-by-surface datato belisted. Choicesare relative, global,
and vertex.

Numerical Values Description Defaults

kbeam Single beam number. 1

lambda Wavelength for /default. Default valueistaken from

the default line of the lens definition.

xo rel,yo rel

Paraxial relative object positionfor ray with /default. 0., 0.

xp_rel,yp rel

Paraxial relative pupil position for ray /oneray.

nrays

Number of raysacrossthe diameter of the pupil for either
/fans or /spot.
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LINE LORENTZIAN

object first surface

plane

yo_rel

‘\ﬁﬁ zpupil

zsurf

Fig. 24. Optical path differences at entrance pupil plane, A,, and at first surface, A, .

LINE Display source line number. Language

Command Forms(s): LINE

/1line

Description: LINE

Displays source line number. Useful for debugging by identifying the line number of specific
commands. Also see the system variable 1ine in variables that stores the current line number into a
variable.

LORENTZIAN I nitialize beam with generalized L orentzian function. Begin-end
Command Forms(s): LORENTZIAN

/full kbeam peak width xdec ydec power

/half kbeam peak leftwidth rightwidth xdec ydec lpower rpower
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Description:. LORENTZIAN

This command initializes the beam to a generalized Lorentzian function or a generalized half-Lorentzian.
The generalized form alows for a power of the spatial argument other than 2. The half-Lorentzian allows

construction of different Lorentzians in the left and right half-planes (about the xdec

peak

point).1(x,y) = P— (169)
width
Modifier 1 Description
/full Normal Lorentzian.
/half The half-Lorentzian allows construction of different Lorentzians in the left and

right half-planes (about the xdec point).

Numerical Values

Description

Defaults

kbeam

Single beam number.

1

peak

Peak value of function.

width

Width of the Lorentzian.

xdec, ydec

Position of the center of the Lorentzian.

power Exponent for the generalized Lorentzian.
leftwidth Width for left half plane of half-Lorentzian.
rightwidth Width for right half plane of half-Lorentzian.
lpower Exponent of |eft half plane of half-Lorentizian.
rpower Exponent of right half plane of half-Lorentizian.
MACRO Controls macros of commands. Language
Command Forms(s): MACRO

macro/run (name)/ icount

macro/define (name)

macro/end

macro/exit

macro/status

macro/dir

macro/list/screen (name)
macro/list/disk (filename) (name)
Description: MACRO

Creates, executes, or terminates a macro file and maintains amacro library. Macros act like subroutines
or functions and are the primary tool for modeling repetitive operations.
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The macro library window may be shown with set/maclib/show or

MACRO

hidden with

set/maclib/hide. Thiswindow can be read but directly written to. When highlighting is active, the
linesin maclib are highlighted in parallel with the lines in the source files in GladEdit.

Modifier 1 Description

/run Executes the commands in a macro file.

/define Creates anew macro file. Subsequent commands will not be executed, but will be
placed in the macro being defined. Terminate /define modewithmacro/end
or “]1" asthefirst character inthe line.

/end If amacroisbeing created indicates the end of the macro,. If amacrofileisbeing
executed, it will be terminated.

/exit Unconditional termination.

/exit/current Unconditional termination of current macro (default).

/exit/all Unconditional termination of al macros.

/status Lists data on active macro's including macro name, last line number read.

/dir Lists namesin macro library with starting line number.

/list Lists the designated macro.

Modifier 2 Description

/screen List macro to the screen. Viewing file maclib directly may be more convenient.
See set /maclib/show.

/disk List to the disk file filename.

dir/library List macrosin library (default).

dir/editor List macros defined in editor.

Character String

Description

name

Macro name (character string).

(name)/ icount Used with /run operation. icount isanumerical value that specifiesthe
number of times the macro is executed.

(name) Used with /def ine to give the name of the macro being defined.

(filename) Disk fileused with /1ist/disk.

Numerical Values Description Defaults

icount Number of timesto run macro. 1

Variables Description

macro/(mod)

iteration Current iteration number of executing macro. Starts at 1. Convenient for setting
special conditions for the first pass through a macro.

maxiteration Maximum iteration of executing macro.

remaining Remaining iterations. Ends at O for last loop through the macro. Convenient for

setting special conditions for the last pass through a macro.
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MAGNIFY MANUAL

MAGNIFY Applies magnification to the beam. Operator

Command Forms(s): MAGNIFY

magnify ibeams xmag ymag

Description. MAGNIFY
Magnifies the beam including correction of the geometrical factors. Also, see rescale.

Numerical Values Description Defaults

ibeams Beam number (O to select all beams). 1 tonbeam

xXmag, ymag Magnification factor(s). 1.

MANUAL Open PDF document from command line. Language

Command Forms(s): MANUAL

manual/destination *(document name)’ (named destination)’ xoff yoff
xsizw ysize

manual/pagenumber page xoff yoff xsize ysize
manual /closedocument ' (document name)

manual/terminatereader

Description:. MANUAL

Open one of the Adpbe PDF manual pages. commands.pdf, theory.pdf, examples.pdf, or other non-
AOR PDF documents to a specific page by “named destination” or page number. The manual command
may be included in hyperlinks in RTF-formated command files. Single goutes are required if the strings
contain blanks' . Hyperlinks are written as regular GLAD commands except that backslashes that may
appear infile paths must be written as doubl e backslashes to be compatible with RTF files. See the GladEdit
Help file on the GladEdit window menu and Sect 1.3.1.2, GladEdit (17).

GLAD PDF manuals have named destination for major topics. Note that all named destinations must be
written with exact lower or upper case.

For commands.pdf the named destinations are * contents”, paragraph numbers, commands (lower case),
comand/modifier combinationsthat have their own page, and “index” . For a page with acommand/modifier
title, the destination is written with “$” replacing the slash, e.g. plot$xslice.

For theory.pdf the named destinations are “ contents’, chapter numbers, (e.g. 9), section numbers (e.g.
9.9), and “index”.

For examples.pdf the named destinations are “ contents’, example chapters (e.g. Ex33, note upper case
“E” isrequired), input for examples listings (e.g. ex33a.inp), and “index”. You can also open AOR PDF
documents according to the printed page number (e.g. P.150) as a named destination or the PDF page
number (number given in the Acrobat Reader display) using /pagenumber.

Other non-AOR PDF documents may also be opened to PDF page numbers using /pagenumber Of
named destinations if the author of the document has added them. Consult Adobe Acrobat documentation
for information on inserting named destinations in PDF documents.
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Non-PDF documennts may be opened with system /launch.

Numerical Values Description Defaults
page Document is set to this PDF page humber. 1
xoff,yoff,xsize, X-andy-offset and x- and y-size of the Acrobat Reader

ysize window in pixelswhen the Reader isopened. Toresizeit

is necessary to terminate the Acorbat Reader and give
new parametersfor either /nameddestination or
/pagenumber. You can also reset the Acrobat Reader
window by hand adjustment.

Modifier 1 Description

/destination Open document and go to named destination. See below.
/pagenumber Open document and go to page number.

/closedocument Close the document leaving the Acrobat Reader open.
/terminatereader Close Acrobat Reader.

Character String Description

document name Name of a PDF document such as commands.pdf, theory.pdf, or exampl es.pdf

located inthe GLAD installation folder. The single letter “¢” is expanded into
commands.pdf, “€” is expanded into examples.pdf, and the “t” is expanded
into theory.pdf. You can also givethe full path to addressfilesin other folders.
Use single quotesiif the string includes blanks.

named destination Document is set to this named destination in PDF file. All commands have a
named destination of the same name. For pages headings using acommand and
modifier, replace the“/” with “$” to form the named destination, e.g.,
plot/xslice hasthe named destination plot$xslice. Printed page numbers
are preceeded by “P”, e.g. P150, PRiii. See description above for more details.

Examples:

manual/destination commands.pdf energy
manual/dest ¢ energy

manual /dest commands.pdf plot$sxlice
manual/dest ‘ d:\program files\AOR\47\commands.pdf’ P.150
manual/pagenumber commands.pdf 20
manual/dest theory.pdf 9.9

manual/dest t 9.9

manual/dest examples.pdf Ex33

manual/dest examples.pdf ex33b.inp

Slide show with GLAD running and Acrobat Reader displaying pages in myslides.pdf:

varialbe/dec/int count
manual /page myslides.pdf 1 # Open PDF file first time.
pause # Pause to allow time to adjust Reader window
# size and position if necessary.
macro/def system/o
count = count + 1
prop 10
manual /page myslides.pdf count # display PDF file at page = count
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pause 10
macro/end
count = 0
macro/run system/10

MEMORY

# wait 10 seconds for slide to show and be read

MEMORY Sets properties of dynamic memory allocation. Begin-end
Command Forms(s): MEMORY

memory/set mbytes

memory/maximum mbytes

memory/free

memory/contents

memory/list

memory/testspeed

memory/remove kbeam

Description:. MEMORY

This command lists, sets, or limits the maximum memory allocation. As of Ver. 5.1, the memory is
expanded automatically, as required, up to the maximum physical memory available or to the maximum
defined by memory/max. Expanding the memory at the beginning of the calculation, when the memory is
largely unset, is faster than the automatic memory expansion occuring later in the command file when
memory is full of information and must be copied to and from memory locations or even disk. If thereis
insufficient memory available, GLAD will use its built-in virtual memory management routines to do the
calculations, with some decrease in cal culation speed.

For the 64 bit version of GLAD, the number of CPU’swill automatically be set to the maximum number
of processorsavailablefrom 1, 2, 4, 8, and 16 processors (powers of 2). For the 32 bit version use command
set/cpu 2 touse 2 processors (if available) to increase speed from 30% to 40% for large arrays.

Modifier 1 Description

/set Set memory allocation to specified value. Use at the beginning of the comand file
— faster than automatic allocation. Automatic allocation will still expand above
thisvalue, if required.

/maximum Set maximum memory allocation. Automatic all ocation will not exceed thisvalue.
Memory will be reduced if required.

/free Free maximum size restriction of memory after memory/maximum.

/list Display current values of memory usage. Thememory offset isprimarily for AOR
diagnostic information.

/contents Liststhe contents of memory. The size and starting addresses of each of the beams
currently in memory is listed.

/testspeed Test speed of memory relative to first test with a small memory allocation. If the
memory allocation is set too high, the speed decreases.

/remove Remove selected beam from memory. Beamisleft unchanged. Primarily for AOR

diagnostic pruposes.
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MIRROR

Numerical Values Description Defaults

mbytes Normally (mbytes =0) GLAD will allocate memory, as 0
reguired, up to the maximum available physical memory.
If memory/max isused to set mbytes to some non-
zero value, GLAD will use no more than mbytes even
if more physical memory is available. One megabyte =
1,048,576 bytes.

kbeam Single beam number.

Variables Description

memory/(mod)

total Total physical memory. May not report correct value for memory above 2 GB.

allocated Amount of memory allocated to GLAD.

free Amount of unallocated memory available. May be unreliable as the operating
system can swap programs and data between memory and disk.

maximum Maximum memory allocation set by user.

speedratio Ratio of current memory speed, with expanded memory, and initial speed with a
low memory allocation. Same value as calculated by memory/testspeed. If
the ratio drops substantially below 1.00, thisis an indication that the operating
system can not provide the requested allocation without swapping. It is best to
reduce the memory allocation.

MIRROR Ideal mirror. Component

Command Forms(s):

mirror/sph
mirror/sph
mirror/sph
mirror/abr
mirror/abr
mirror/abr
mirror/flat
mirror/xcyl
mirror/xcyl
mirror/xcyl
mirror/ycyl
mirror/ycyl
mirror/ycyl

mirror/toric
mirror/toric
mirror/toric

mirror/global

MIRROR

ibeams radius xdec ydec

ibeams radius xdec ydec [xonly]

ibeams fl xdec ydec [focallength]

ibeams radius xdec ydec

ibeams radius xdec ydec [xonly]

ibeams fl xdec ydec [focallength]

ibeams

ibeams xradius xdec ydec

ibeams xradius xdec ydec [xonly]

ibeams xfl xdec ydec [focallengthl]
ibeams yradius xdec ydec

ibeams yradius xdec ydec [xonly]

ibeams yfl xdec ydec [focallength]
ibeams xradius yradius xdec ydec

ibeams xradius yradius xdec ydec [xonly]
ibeams xradius yradius xdec ydec [focallength]
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Description:. MIRROR

This command models an ideal mirror of specified radius. Seemirror/global for an exact model
of a mirror including aberrations calculation. If no vertex has been defined, the mirror is located at the
current beam position when the command isissued. If avertex has been defined, the mirror islocated at the
vertex position and an internal prop /vertex isissued to bring the beam to that position. The mirror is
aways rotated to be aligned with the beam to which it is applied. The vertex must be redefined after each
propagation step. Seethe vertex command. Theimaged waist size and |location are recomputed after the
lens.

The mirror command is normally specified by the radius of curvature. The sign of the radius is
defined in vertex coordinates. A positive radius has the center of curvature to the positive side of the vertex.
A mirror may be defined by focal length by including the parameter, focallength, any where on the
command line after the command/modifier group.

Modifier 1 Description

/sph Spherical surface (2nd order accuracy).

/abr Forces mirror to be treated as a flat mirror and phase object.

/flat Flat mirror.

/xcyl Cylindrical surface curved about y-axis (2nd order accuracy).

/ycyl Cylindrical surface curved about x-axis (2nd order accuracy).

/toric Toric surface (2nd order accuracy).

/global Orientation of surface and beams are controlled through the commandsglobal

and vertex . Seedescription under mirror/global.

Modifier 2 Description

/con Prevents rescaling (default).

/res Permits rescaling when needed.

Parameter Description

focallength rad, xrad, and yrad areinterpreted as focal lengths.

xonly Used to accomplish afigure of rotationin radial mode. It is equivalent to

having atoric mirror where the radius of the mirror in the y-direction
(which represents the azimuthal direction in radial mode) is exactly the
same as the radius of the cylindrical wave in the y-direction.

Numerical Values Description Defaults
ibeams Beam number (O to select all beams). 1 tonbeam
rad Radius of spherical surface. 1e20
xrad Radius of x-cylindrical surface. 1e20
yrad Radius of y-cylindrical surface. 1e20
xdec X-decenter. 0.

ydec Y-decenter. 0.

The convention isto use a positive radiusif the center of curvatureisin the positive global z-direction.
Thefocal length is positiveif the light is made more converging after the beam hitsit. The sign of the focal
length must be set with knowledge of the beam direction. The sign of the radius may be defined
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independently of knowledge of the beam direction, however a beam will be more converging striking from
one side, and more diverging from the other.

MIRROR/GLOBAL Mirror with global positioning and aberration. Component

Command Forms(s): MIRROR/GLOBAL

mirror/global/flat
mirror/global/conic radius cc order iskip jskip a4 a6 a8 all0 al2 al4
alé al8 a20 [(parameters)/(mod)] [alternate]

mirror/global/zernike radius cc order iskip jskip z4 z6 z8 z1l0 zl2 zl4
z16 z18 z20 [parameter/(mod)] [alternate]

Description:. MIRROR/GLOBAL

The GLOBAL modifier uses three-dimensional global coordinates to orient the beams and mirror. The
parameter exact requires the GLAD feature set. It also computes the change in ray direction and optical
path lengths. The mirror may be translated or rotated using the vertex commands. The number of beams
affected is determined by the beams command. GLAD propagates each beam forward along the chief ray
until it strikes the surface of the mirror. If the beam has already passed the mirror location then that beam
misses the mirror. If there are two intercepts of the surface then the first intercept is selected by default.
When the parameter alternate is specified then the second intercept is selected.

Theradiusis positive if the center of curvature isin the positive direction in vertex coordinates. When
using the default vertex rotation command vertex/rotate/relative with no angles specified, the
code will rotate the vertex system so that the z-axis of the component will be aligned with the k-vector of
the beam. The parameter, infoonly, may be used to set data of the chief ray intercept at the surface for
use by the surface command.

The exact parameter causes GLAD to trace real rays to determine the optical path difference (OPD)
errors. If the mirror is expected to cause only astigmatism and defocus, then the astigmatic parameter
will save execution time. The exact /polynomials parameter causes the OPD datato be smoothed by
Zernike polynomials to remove low amplitude, but high spatial frequency phase noise introduced by ray
tracing.

The equation for conic mirrors, including aspheric coefficientsis

2 20

z= 2C2 =+ Y ar, (170)
1+[1-cr (1+x)] i—a
Modifier 2 Description
/flat Flat mirror.
/conic Conic mirror.
/zernike Same as /conic except the aspheric terms are the radial Zernike polynomials.
See Table 3.
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MIRROR/GLOBAL

Parameter Description

astigmatic 2nd order accuracy modeling (Default). Field curvatures are applied to phase bias
and/or thefield. XY astigmatism is applied to the field.

alternate Selects alternate surface intersection.

exact Exact ray trace modeling of aberrations. Effects only the conic mirror.

Parameter Modifier 1

Description

exact/polynomials Use Zernike polynomialsto smooth OPD values (default). This procedure

eliminateslow amplitude, but high spatial frequency phase noise which causes
intensity noise upon subsequent propagation. The variable norder specifies
the maximum order of polynomial to be used and i skip and jskip enable
coarse sampling of the datato reduce calculation time. The parameter exact
requires the GLAD feature set.

exact/rays

Use OPD values directly. The parameter exact requiresthe GLAD feature set.

Parameter Modifier 2

Description

exact/polynomials Use“standard” set of polynomials (see aberration/zernike).

/standard

exact/polynomials Use“fringe” set of polynomias(see aberration/zernike).

/fringe

exact/polynomials Useonly radia polynomia terms(see aberration/zernike).

/radial

Numerical Values

Description Defaults

radius

Radius of conic surface. Radiusis positive if convex 1e20
relative to vertex coordinate system.

cc

Conic constant. 0.

order

Maximum polynomial order used with
exact/polynomials. Choices,
norder=4 gives4 2 2

norder=6 gives6 4 4

norder=8 gives8 6 6

(see fitzern for description of polynomial
representation.

iskip, jskip

Allows skipping data points in cal culating interpolating
polynomialswith exact /polynomials.

a4,a6,a8,al0,al2,
ald, ale6,als8,a220

4th through 20th order aspheric coefficients.

z4,26,28,210,z12,
z1l4,z16,z18,z20

4th through 20th order Zernike aspheric coefficients. See
Table 3.
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Table. 17. Apply aflat mirror to Beam 7. Rotate the mirror 45 degrees, so an incident horizontal beam exits
upward.

global/define (Define global coordinate system.)
vertex/rotate/set 45 (Rotate beam about x-axis.)
vertex/list (List vertex coordinates.)
beams/off (Set all beams off. See BEAMS.)
beams/on 7 (Set Beam 7 on.)
mirror/global/flat

vertex/derotate/absolute 45 (Return to original vertex system.)
global/list (List global coordinates.)

MULT Multiply the beam by a constant or another beam. Operator
Command Forms(s): MULT

mult/scalar ibeams fac [list]
mult/complex ibeams rl i1 r2 i2 [list]
mult/phase ibeams fac [list]
mult/beam/two kbeam mbeamx [list]
mult/beam/onebyone kbeam mbeamx mbeamy [list]
mult/beam/jones kbeamc kbeama kbeamb
mult/mode/correlation/ kbeam mbeamx

complex

mult/mode/correlation/ kbeam mbeamx

intensity

mult/mode/parallel/(both,x,y) kbeam mbeamx

mult/mode/orthogonal/(both,x,y) kbeam mbeamx
mult/mode/reflector kbeam xradius yradius index tiltdeg azdeg

Description: MULT

Multiplies the intensity by a scalar, the phase by a factor, or one beam by ancther. Mult /mode
computes mode coupling.

o [ w0 y)* ya(x y)dA
JJI wo(% y)| “dA[ [y (x, y)|dA

(172)

Y (% Y) = aya(Xy). (172

where Y is the parallel component. The orthogona distribution y; , may be calculated from the parallel
distribution:
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Y, (6 Y) =y y) - (X y) . (173)

Mult/mode/./x and mult/mode/./y compute one dimensional coupling functions ¢(y) or

() as:

Yo (X, Y)* ya (X, y)dx Wo(X Y)* p (X, y)dy
o, (y) = '[ > > and o, (X) = '[ > —. (174)
R Jvac )Py v y)|Pdy
The x- and y-parallel components are calculculated as:
‘//1||X(X, y) = o, (Y) ¥o(X, Y) ‘//1||y(x, Y) = oy (X) ¥a(X, Y) (175)

The corresponding orthogonal distributions are cal culated according to Eq. (173).

/mode/reflector

For the the /mode/reflector feature. The coupling of the reflected mode into the incident mode is
calculated. The calculation only measures the correlation of a hypothetical reflected mode. The surfaceis
not introduced into the beam. If the radius of curvature of the reflecting surface exactly matches the radius
of the propagating mode at the surface and thereisno tilt of the reflecting surface, the amplitude correlation
will be due only to the index of refractions:

n,—n
o= +—2 (176)

The absolute value squared of the amplitude correlation |a|? will be about 4% for a typical air-glass
interface where the glass has index of 1.5. To avoid adverse effects of reflections back into a laser, |a|2
should be significantly less than 1%.

The wavefront error between the incident and reflected modesis

_ 2nl l_é)
W = XZ(R’ . (177)

The reflected wavefront radius is found from hypothetical surface curvature Rgthe Lens Law:

N~ N N -N
R - R - R ’ (178)

applied to case of areflecting surface where N, = —N;, and the difference in inverse wavefront radii is:

1 1_ (1_%)
=>-2=23 . (179)

S
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where R, indicates the radius of the hypothetical surface. Adapting Eq. (171), the coupling coefficient is:

n,—np

[frecy) exp{—j %z—t[xz(éx _ Ri) + yZ(R_lsy _ %) + ﬁatiltdegy’J }dxdy

n,+n,

where

180
TTioc vy o

Yy’ = Xxsin(azdeg) + ycos(azdeg). (181)

If the mode is rotationally symmetric, the azimuthal angle does not matter.

Modifier 1 Description

/scalar Multipliesintensity by fac.

/complex Multiply by a complex coefficient of the form complex(faci, fac2).

/phase Multiply phase by fac.

/beam Multiplies complex amplitude of kbeam by mbeam.

/mode Modal operations: correlation and parallel and orthogonal extraction.

Modifier 2 Description

/correlation Calculates the correlation as real-imaginary and amplitude-phase for the complex
datafor /complex and the correlation of the intensity datafor /intensity.

/parallel Part of kbeam which is mode matched to mbeam.

/orthogonal Part of kbeam which is orthogonal to mbeamx.

/reflector Calculates the magnitude of the coupling and the coupling power of the mode
reflected from the dielectric surface of specified radius, index, and tilt for array
kbeam.

/two Mult /beam with mbeamx multiplying kbeam.

/onebyone Mult /beamwith kbeam formed by multiplying an N x 1 beam by a1l x M beam
to create a separable array of dimensions N x M.

/jones Multiplication of form C = A*B. Array A isof form N x M x 4 where each of the
four z-components form a Jones matrix (8,1, 8, 8y, 8y,). Arrays C and B are
either 2D polarized arraysor 3D arraysof form N x M x 2. copy/section may
be used to create the four sections of the N x M x 4 array—each corresponding to
the distribution for the respective element of the Jones matrices.

Modifier 3 Description

correlation/ Calculatesthe correlation as real-imaginary and amplitude-phase for the complex

complex data.

correlation/ Calculates the correlation of the intensity data.

intensity

both Mbeamx is genera two-dimensional correlation function in mbeamx.

X Mbeamx is mode-matched separately in x-direction for each row. See Egs. (174)

and (175) and the description of mbeamx (p224).
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Modifier 3 Description (Continued)

% Mbeamx is mode-matched separately in y-direction for each column. See Egs.
(174) and (175) and the description of mbeamx (p224).

Par ameter Description

nolist Inhibit writing output (default).

list Write output.

Numerical Values Description Defaults

ibeams Beam number (O to select all beams). 1 tonbeam

fac

Intensity multiplication factor for /scalar orphase 0.
multiplication for /phase.

rl,il,r2,12

ri=1,i1=0,
r2=1,i2=0.

Real and imaginary coefficients for s- and p-
polarizations (x- and y-directions) for /complex.

&= (rLi1)*a; a,=(rLil)*a,

kbeam

Beam to be multiplied by mbeamx (or created by
mult/beam/onebyone).

mbeamx

Multiplying beam. Must be of form N x 1 for
mult/beam/onebyone. For X- and y-correlations,
mbeamx should be separable in the form f(x)g(y) where
g(y) isconstant for third modifier /x and f(x) is constant
for third modifier/y. Mbeamx may be constructed with
mult/beam/onebyone.

mbeamy

Second multiplying beam used with
mult/beam/onebyone. Must be of form 1 x M.

kbeamc, kbeama,
kbeamb

Beamsforming the product: C=A*B. Beam Cof Nx M
x 2isformed by multiplying Array A of N X M x 4 (all,
alz, a21, a22) by Array B of N X M x 2. C and B may
not be identical beams.

xradius X-radius of surfacefor /mode/reflector. Distance 1€20
from the surface to the center of curvature.
yradius Y-radius of surfacefor /mode/reflector. Distance xradius
from the surface to the center of curvature.
index Index of refractionfor /mode/reflector. Reflection
coefficient is calculated from current index of kbeam
and the specified index of the dielectric reflector.
tiltdeg Tilt angle in degrees (if any). 0.
azdeg Azimuth angle clockwise from top of beam (degrees). 0.

Azdeg does not matter if the transverse distribution is
circularly symmetric.

Systen Variable Data Description

abscorr Correlation magnitude.

angcorr Correlation angle (degrees).

corra Complex correlation. May be set to a predefined complex variable.
corrr Real part of correlation.
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corri Imaginary part of correlation.

pcorra Complex correlation without normalization.

pcorrr Real part of correlation without normalization.

pcorri Imaginary part of correlation without normalization.

NBEAM Resets the number of active beams. Begin-end
Command Forms(s):

nbeam/2d nbeam nlinx nliny ipol [(parameter)]

nbeam/3d nbeam nlinx nliny nlinz ipol [(parameter)]

Description:

Changes the number of arrays. For an increase of arrays, nbeam adds arrays with the same
characteristics as the current highest number array. To add arrays with specific characteristics, specify the
relevant paramters.

Modifier 1 Description
/2d Two dimensional array (default).
/3d Three dimensional array. Must be of attribute data.

Par ameter Description

beam Array representsthe complex amplitude of an optical beam and may propagated. Thisstate
islisted asattrib=1in status/p listing.

data Array represents non-beam dataand can not be propagated by either prop ordist. This
stateislisted asattrib =2 in status /p listing.

radial Radial beam for axicon commands. (attrib = 3).

annular Annular beam with normal intensity. (attrib = 4).

annular2  Annular beam with areaweighted intensity. (attrib = 5).
circular  One-dimensiona array representing rotationally symmetrical beam. (attrib = 7).

Numerical Values Description Defaults
nbeam Number of beams. GLAD will increase or decrease
number of beams, as necessary.
nlinx Array dimension in x-direction. Nlinx(nbeam-1)
nliny Array dimension in y-direction. Nliny(nbeam-1)
nlinz Array dimensions in z-direction (must be attribute Nlinz(nbeam-1)
data).
ipol Determines polarization state, Ipol(nbeam-1)

0 for one polarization state
1 for two polarization states.
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NOISE Sets properties of dynamic memory allocation. Component

Command Forms(s): NOISE

noise/deltacorrelated kbeam coef seed

noise/smoothed/gaussian kbeam coef xomega yomega seed
noise/smoothed/rect kbeam coef xwidth ywidth seed
noise/smoothed/sinc kbeam coef xwidth ywidth seed

Description: NOISE

The /deltacorrelated command adds random uncorrelated amplitude noise to the existing
distribution. Note that /deltacorrelated is adds to the existing distribution while /smoothed
replaces the existing distribution. Use /add/coh/con to add noise from this array to some other array.

/smoothed initializes the array with smoothed noise. The smoothing is implemented in the Fourier
domain by applying afilter function to uniform white noise. For example /gaussian isimplemented by
the transfer function

2 2.2 2 22
wx};—nwyn

AEM) = AE e (182)

where o, and o, correspond to xomega and yomega and A(E, 1) isthe Fourier transform of the complex
amplitude distribution. For gaussian smoothing the autocorrelation sizes are f20)x and fZ(oy .For /rect
the smoothing is done with asinc function of the form:

sin(r&L,)sin(nnl,)
nEL, L,

where L, and L, are the widths of the rect function. Either operation resultsin smoothing of the distribution.
You may check that the distribution has the proper form. Consider a square function of half-width of
100 as shown below. Note that the autocorrelation function is atriangle of half-width = 200 as expected.

mem/set/b 8
array/s 1 1024

noise/smooth/rect 1 1 100 # set smoothing to half-width = 100
autocorrelation 1 # form autocorrelation function
plot/x/real 1 1e=-200 ri=200 # check that for a triangle shape.
Modifier 1 Description
/deltacorrelated Unsmoothed noise is added to the beam (default). Addsto existing
distribution.
/smoothed The beam is set to smoothed noise (replacesinitial distribution). Replaces

existing distribution.

Modifier 2 Description
/gaussian Gaussian smoothing (default).
/rect Smoothing by arectangle function in the pupil.
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Modifier 2 Description (Continued)

/sinc Smoothing by a sinc function in the pupil.

Numerical Values Description Defaults
kbeam Single beam number. 1

coef Average noise intensity.

xomega, yomega 1 /e? radii of gaussian smoothing function for

/smoothed.
xwidth, ywidth For /sinc the half-width to the first zero. For /rect
the half-width of the smoothing rectangle.

seed Positive integer which sets seed for random number
generator.

NOOP Do-nothing command. Language

Command Forms(s): NOOP

noop

Description: NOOP
Command that does nothing.Useful to terminate datainput, e.g., with aberration/

zernike/number.

NORMALIZE Normalizes non-zero valuesin beam. Operator

Command Forms(s): NORMALIZE

normalize/one kbeam threshold

normalize/two kbeaml kbeam2

Description. NORMALIZE

Normalizes the intensity to unity on a point-by-point basis for all non-zero points in the array. /two
normalizes kbeaml using the irradiance of kbeam2. The phase of the beam is preserved.

Modifier 1 Description

/one Normalize single beam.

/two Normalize kbeam1 by irradiance of kbeam2.

Numerical Values Description Defaults

kbeam Single beam number. 1

kbeaml, kbeam?2 Receiving and normalizing beam numbers. 1,2

threshold Intensity values above threshold are normalized. Values 0.
below threshold are set to zero.
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OBS I mplement obscur ation. Component

Command Forms(s): OBS

obs/cir ibeams rad xdec ydec azdeg [(parameter)]

obs/sqgr ibeams rad xdec ydec azdeg [(parameter)]

obs/pentagon ibeams rad xdec ydec azdeg [(parameter)]

obs/ell ibeams xrad yrad xdec ydec azdeg [(parameter)]

obs/hex ibeams xrad yrad xdec ydec azdeg [(parameter)]

obs/rec ibeams xrad yrad xdec ydec azdeg [(parameter)]
obs/gen/screen ibeams xdec ydec xscale yscale theta azdeg [(parameter)]
obs/gen/disk (Filename) ibeams xdec ydec xscale yscale theta [(parameter)]

Description: OBS

Places an obscuration in the beam(s). The genera obscuration /gen is defined by specifying a series
of points that generate a polygon. The command parameters can be used to offset, rescale, and rotate the
polygon to fit the required size and position of the current beam. The x-coordinate of point isxo(i) = Xdec
+ X(i) * Xscale. If arotation angle is specified, the rotation is counterclockwise about the centroid of the
data points.

The general obscuration data has the format

npts
x(1),y(1)

g(npts),y(npts)

where: npt s = number of data points.

Modifier 1 Description
/cir Circle.
/sqr Square.
/hex Hexagon.
/pentagon Pentagon.
/ell Ellipse.
/rec Rectangle.
/gen General.

Character String Description

(Filename) Local file containing data to define obscuration.
Par ameter Description
beam obs Enabl es viewing obscuration with orthographic plot (default).
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Parameter Description (Continued)
vertex Aperture is defined in vertex coordinates. Beam is propagated to the vertex before
applying aperture (if beam attribute allows propagation: attribute beam or axicon). The
projeced size of the aperture on the beam transverse plane is applied to the beam. Note
that vertex rotations obey the right hand rule, but that azdeg is measured clockwise
as defined above.
Numerical Values Description Defaults
ibeams Beam number (O to select all beams). 1 tonbeam
rad Radius of aperture. Half-width for square, rectangular, or
hexagonal. Center to corner distance for pentagonal.
xrad, yrad Radius or half-width x, y (cm). Half-width for square or
rectangular.
xdec, ydec Decentering parameters. Beam center.
xscale Scale in x-direction. 1.
yscale Scalein y-direction. 1.
theta Rotation angle (deg).
azdeg Azimuthal rotation of aperture. Implemented by an 0.
internal call to rotate and involves an interpolation
step. The rotation angle is measured clockwise from
vertical. Therotation is performed after any decenters.

OPO Optical parametric oscillator. Laser gain

Command Forms(s): OPO

opo/constant zstep kappa nstep chi2 [pattern] [1ist]
opo/variable zstep nstep [pattern]

Description: OPO

This command implements an optical parametric oscillator. The command models nonlinear interaction
between three beams: pump, signal, and idler asdescribed in Chap. 9, GLAD Theory Manual (theory.pdf).

See Example Ex95 for examples of the use of thiscommand. All three beams must have plane reference
surfaces for correct calculation and should be used with the pack /set, pack /in, and pack /out
commands to insure the array points overlay precisely. A series of relatively small steps should be taken
through the nonlinear crystal to insure the combination effects of OPO amplification and diffraction are
incorporated into split steps. The step length should be a fraction of the Talbot length associated with the
highest spatial frequency to be modeled. See the GLAD Theory Manual for adiscussion of thisissue.

One may define the gain either by the phenomenological gain coefficient k¥ or the second order
nonlinear electric susceptibility with chi2. Seelex95cy.inp for a comparison of hand calculations with
GLAD numerical results for the small signal case.

Modifier 1 Description
/constant Kappais a constant for all transverse points (default).
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Modifier 1 Description (Continued)

/variable Kappaisafunction of x and y. The kappa distribution is defined by packing a

fourth beam with pack/set. Kappaisin the real word of the fourth beam.

Sring Description

pattern The pattern consists of three letters. The letters may be “x” and “y” to indicated x-
polarization or y-polarization, or “o” or “e” to indicate o- or e-ray polarization. The
threelettersare used in order for the pump, signal, and idler beamsrespectively. Taking
into account the azimuthal orientation of the crystal, GLAD will trandate“x” and “y”
into the appropriate o- and e-ray polarizationsor “o” or “e” into the x- and y-
polarizations. For example “xyx” and zero azumuthal angle indicates ordinary ray (x-
polarization) for pump, extraordinary ray (y-polarization for signal), and ordinary ray
x-polarization for idler beams.

Par ameter Description

list List internal parameters for overall values and the center point.

Numerical Values Description Defaults

zstep Step length. 0.

kappa K, gain coefficient for OPO in units of [wY?]
nstep Number of stepstotakeover z;; . Theactual steplength
p
. Zyrit
isthe lessor of zstep and —>.
nstep
chi2 2. Alternative to the use of kappa.
OPTIMIZE Damped least squares optimization. Language

Command Forms(s): OPTIMIZE

optimize/run/(noinfo or info)

optimize/check
optimize/constraints/add variable constraint (inequality type)
optimize/constraints/clear

optimize/constraints/list

optimize/damp/mul damp
optimize/damp/max maximum
optimize/damp/rate rate
optimize/damp/list

optimize/jacobian

optimize/name (Name of macro)
optimize/pause

optimize/reject/on

optimize/reject/off
optimize/targets/add/scalar variable target weight
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Command Forms(s):  OPTIMIZE (Continued)

optimize/targets/add/ value target weight kO k1 k2 k3 k4 k5
intensity array
optimize/targets/add/ value target weight kO k1 k2 k3 k4 k5

complex array

optimize/targets/clear

optimize/targets/list

optimize/variables/add variable increment maxstep
optimize/variables/clear

optimize/variables/list

optimize/variables/old

optimize/reset/all

optimize/reset/merit

Description: OPTIMIZE

Optimize provides damped least squares optimization of defined variables to achieve target values.
The GLAD feature set is required. Optimization usesamacro command to implement the system model
to be modified and uses the variables to specify variableswhich may be used as controlling parameters and
targets which are goals. The macro must be written to describe the complete system model and to properly
implement the variables and targets. The registers can modify any system value. The target values must be
selected from the system measures under the variables /set /parameter command.

/add puts the register indicated by its number into the table. /clear removes al entries from the
designated table. /1ist liststhe table of registers and current values. A maximum of 30 variables and 30
targets are allowed, except that only 5 variables are allowed when target arrays are used. Targets may be
scalar variables or the numbers of arrays containing values to be optimized.

The command /run performs the following functions

e computes the baseline performance using the current variable values.

» calculates the matrix of partial derivatives (Jacobian)

e computes the solution vector using damping set by the user or calculated by the program.

GLAD does not implement the change table during /run. The new variable values will take effect on
the next execution of /run or when the system macro is called. If there is doubt about the acceptability of
the new solution vector, the system macro may be called and the merit function evaluated by /target.
/run isthe only operation that takes significant time. / run may be called multiple times by specifying the
Times variable. The solution vector is automatically implemented on the new run.

Use of the optimization commands isillustrated in example Exs. 60 and 61.

Modifier 1 Description

/run Optimization cycle and compute variable changes.

/check Check macro to be sure target values are the same in two successive passes.

/constraint Sets up constraint table. Constraints are controlled by Lagrange multipliers.

/damp Set damping factor.

/jacobian Calculate Jacobian matrix of partial derivatives and display results but take no
action.
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Modifier 1 Description (Continued)

/reject Determine whether solution is accepted or rejected if the damping must be
increased or a constraint is violated.

/name Define name of macro describing system to be optimized.

/pause Pauses at key pointsin the display of optimization output for convenient study.

/targets Define table of target registers, target values, and weights.

/variables Define table of variables to be used as controlling parameters with incremental
values to be used in calculating the partial derivatives.

/reset Resets all optimization values to program startup condition, except maximum

damping and rejection switch.

infoornoinfo

Display extrainformation or not.

Modifier 2 Description

/add Add.

/clear Clear dl entries from the variables, targets, or constraints table. The table may
then be rebuilt.

/damp/list List information.

/damp/mul Select multiplicative damping, Ax.damp .

/damp/max Set maximum damping value, may be overridden by /damp/mul.

/damp/rate Setsrate of damping increase.

/reject/off Do not regject solutionsif damping hasto be increased or if aconstraint isviolated.

/reject/on

Reject solutions if damping has to be increased or if aconstraint is violated
(default).

/reset/all Reset target, variable, and constraint tables; saved merit function; and damping.
/reset/merit Resets merit function value only.

/variables/old Resetsvariablesto variable values before last optimization cycle.

Modifier 3 Description

add/scalar Variable and target are scalar values (default).

add/intensity array

Variable and target are the beam numbers of arrays. The intensity will
be calculated from the complex amplitude for each point. Only one
target may be an array and then only five optimization variables are
allowed.

add/complex_array

Variable and target are the beam numbers of arrays. The real and
imaginary values of each point constitute targets. Only one target may
be an array and then only five optimization variables are allowed.

Parameter

Description

(Name of macro)

Name of the macro representing the system to be optimized. The named macro
should contain the necessary connection of variables and performance targets to
the variables used in the optimization variable and target tables.

(Inequality Type)

Definesinequality typefor /constraint. Choicesare: equal, greater,
less.
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Numerical Values Description Defaults
variable Name of variableto be used in optimization function. For
array targets use the array number.
value Array number of an array of values to be optimized to
match the target array.
constraint Vaue of constraint for /constraint.
damp Damping factor, multiplicative damping. 1
increment Derivative Increment. 0.0001
maximum Maximum damping factor. 25
rate Rate of increase of damping factor. Damping is 2.
multiplied by this factor each time the merit function is
higher than previous cycle.
maxstep Maximum step size. 0, (not used)
register Variable name from variables command or register
number.
target Target variablefor /scalar or array number for oneof 0.0
the array to be optimized.
weight Weight to be applied to target. 1
k0,k1, k2, k3, k4, k5 Work arrays are needed for each target array. Thefirst
contains a copy of the starting state of the target array.
System Variable Data Description
magchgvec Magnitude of change vector for optimization.
merit Current value of merit function for optimization.
optdone 1if optimization done, O if not.
OTF Optical transfer function. Diagnostics

Command Forms(s): OTF

otf/pupil/cm kbeam focallength
otf/pupil/mm kbeam focallength
otf/image/cm kbeam
otf/image/mm kbeam

Description: OTF

Formsthe optical transfer function (OTF) of the distribution in the array. The OTF doubles the width of
the distribution in the array. The user should be sure that there is adequate guardband around the nonzero
parts of the starting distribution. The /pupi1 modifier findsthe OTF starting from apupil distribution. The
user may enter the focal length to be used for scaling the frequency. The / image modifier calculates the
OTF assuming the starting distribution is already an image. The unitsin the returned array are scaled to be
the correct frequency intervals for cycles per centimeters (traditionally OTF is expressed in cycles per
millimeter). The frequency conversions are

/pupil
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A A
Afy = 2AXF afy = 2AyF (184)
/image
1 1
Afy = 2AXN, afy = 2AyN,’ (185)

where F isthe focal length, A isthe wavelength, Ax and Ay are the units of the starting distribution, and N,
and N, are the number of array pointsin the two directions.

Modifier 1 Description
/pupil Starting distribution represents a pupil function, user may specify afocal length
for proper frequency scaling.
/image Starting distribution represents an image function, no focal length valueis needed.
Modifier 2 Description
/cm Expressin cm.
/image Expressin mm.
Numerical Values Description Defaults
kbeam Single beam number. 1
focallength Focal length used with /pupil for proper frequency 1.
scaling.
OUTFILE Writes beam datatofile. I nput-output
Command Forms(s): OUTFILE
outfile/beam/(modifier 2) (Filename)/(header)/(format) kbeam
outfile/intensity/(modifier 2) (Filename)/(header)/(format) kbeam
outfile/intphase/(modifier 2) (Filename)/(header)/(format) kbeam
outfile/intwave/(modifier 2) (Filename)/(header)/(format) kbeam
outfile/phase/(modifier 2) (Filename)/(header)/(format) kbeam
outfile/wavefront/ (modifier2)  (Filename)/(header)/(format) kbeam
outfile/real/ (modifier 2) (Filename)/(header)/(format) kbeam

outfile/aimaginary/ (modifier 2) (Filename)/(header)/(format) kbeam

Description:. OUTFILE

Write an array of data into a disk file in specified format for use by other computer codes or later
retrieval.

Modifier 1 Description
/beam Beam amplitude in real-imaginary complex form.
/intensity Beam intensity as areal number (except for byte format).
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Modifier 1 Description (Continued)

/intphase Beam intensity and phase (radians) in intensity-phase complex form.

/intwave Beam intensity and wavefront (wavelengths) in intensity-wave complex form,
waves = - phase/2/r.

/phase Beam phase as real numbers.

/wavefront Beam wavefront as real numbers. waves = - phase/2/m.

/real Real part of complex amplitude.

/aimaginary Imaginary part of complex amplitude.

Modifier 2 Description

/sqr Axially symmetric or square geometric data.

/rec Asymmetric or rectangular geometric data.

Character Sring

Description

(Filename) /(Modifier
1)/ (Modifier 2)

Name of datafile to input. Enclose name in single quotes to allow special
characters. Thefilenameis preceded by a path name if one has been defined with
set /path.

Filename Modifier 1

Description

/header

Geometric datais on data file. Geometric datais al data after kbeam.

/noheader

Existing datais used or taken from command line.

FileName M odifier 2

Description

/list

Dataisread in list directed format (default)
read (Filename,*) list

/comma or /excel

Comma delimited format with N elements on arow and M rows to make an N x
M array. Inputs real-imaginary data pairs for “beam” input. Same as Excel *.csv
format. May be written by /comma or /excel formatswithoutfile.

/80 Dataiswritten in 80 column format (1x,4E18.10).

/blankdelimited Similar to commadelimited except commas are replaced with blanks.
/binary Dataisread as binary file.

/byte Dataisread as an integer map of intensity values. 256 gray levels. /noheader

and /intens must be selected.

Numerical Values Description Defaults
kbeam Single beam number. Required

Header values Description Defaults

nline Dimension of the square array. nlinx(kbeam)
nlinx X-dimension of the rectangular array. nlinx (kbeam)
nliny Y-dimension of the rectangular array. nlinx

units Units. units (kbeam)
unitx X-units. unitsx(kbeam)
unity Y-units. unitx

color Wavelength in microns. color(kbeam)
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Header values Description (Continued) Defaults
radref Radius of the spherical phase bias. 1e20
radrefx X-radius of the toric phase bias. 1e20
radrefy Y-radius of the toric phase bias. radrefx
ipolz 0 for one polarization state. 1 for two polarization states. 0
a(i,j) Complex array.
attrib Array attribute see array command. 1 (beam)
zreffrad Used for axicon modes. 0.
index Index of refraction 1
indexe Extraordinary index of refraction for birefringent

material.
Record 1

If Modifier 2is /sqr

write ngeo (ngeo = 9)
write nline units color radref ipolz attrib zreffrad index indexe

If Modifier 2is /rec

write ngeo (ngeo = 12)
write nlinx nliny unitx unity color radrefx radrefy ipolz attrib zreffrad index indexe

Computer Array Records
(If ipolz=1, then GLAD writes the second polarization state after the first state is written.)
If Modifier 1is /beam

do j = 1, nlinys
write (a(i,j),i=1,nlinxs)

If Modifier 1is /intens
Theintensity values arein thereal part of the array.

do j = 1, nlinys
write (real(a(i,j)),i=1,nlinxs)

If Modifier 1is /intphas
The intensity and phase values are in the real and imaginary parts of the array.

do j = 1, nlinys
write (a(i,j),i=1,nlinxs)
See examples of fortran and C programsin infile which create /nohead/unform files.

PACK Packs data for some nonlinear optic command. Propagation

Command Forms(s): PACK

pack/set klbeam k2beam . . . klObeam
pack/list

pack/in xrad yrad xnline ynline xdec ydec
pack/out

pack/close
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Command Forms(s):  PACK (Continued)

pack/reference kbeam

Description: PACK

The pack commands are used to enable interpolation of beam arraysto acommon grid. Thiscommand
is required prior to using the commands raman, wave4, gain/rate /step, and snoise. The
common grid size is chosen to be the same as first beam in the list of the pack/set command. See
Examples Ex17, Ex18, Ex19 and Ex20.

Modifier 1 Description

/set Defines beams to be packed (maximum of 10 beams) and opens scratch arrays for
packing.

/list Lists beams which are to be packed.

/in Invokes packing. Array parameters may be reset by numeric entries. Default condition
isthat the universal grid isidentical to thek1beam.

/out Unpacks arrays.

/close Closes scratch arrays. Needed only to rel ease system resources.

/reference Number of beam to be used for reference units. Other beams will be interpolated to
these units.

Numerical Values Description Defaults

klbeam...k2beam Numbers of beams to be packed.

kbeam Number of beam to be used as reference for units. klbeam or kbeam

xrad Half width of field in X-direction. k1beam or kbeam

yrad Half width of field in Y-direction. klbeam or kbeam

xnline Number of grid pointsin X-direction. klbeam or kbeam

ynline Number of grid pointsin Y-direction. klbeam or kbeam

xdec, ydec Coordinates of grid center. klbeam or kbeam

The following example illustrates propagation with diffraction steps of 8 cm and kinetics steps of 2 cm.

pack/set 1 2 #Define packing for Beams 1 and 2.
pack/in

rraman/step 1 2 2. .0001 #Raman steps.
rraman/step 1 2 2. .0001

rraman/step 1 2 2. .0001

rraman/step 1 2 2. .0001

pack/out #Diffraction step.

prop 8

pack/in

rraman/step 1 2 2. .0001 #Raman steps.
rraman/step 1 2 2. .0001

rraman/step 1 2 2. .0001

rraman/step 1 2 2. .0001

pack/out

prop 8. #Diffraction step.
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PARABOLA Makes parabalic intensity distribution. Begin-end
Command Forms(s): PARABOLA

parabola/intensity ibeams center sag rnorm xdec ydec

parabola/real ibeams center sag rnorm xdec ydec

Description: PARABOLA

Makes a rotationally symmetric parabolic intensity distribution defined by the peak value and the sag
from the center, as defined at radius rnorm. Redefines the array at all points. Values of the parabolic
distribution which would be negative are set to zero.

Modifier 1 Description

/intensity Prescribe intensity distribution.

/norm Prescribe rea distribution.

Numerical Values Description Defaults
ibeams Beam number (O to select all beams). 1 tonbeam
center Value of center of the distribution.

sag Fall-off from center value at radius = rnorm.

rnorm Radius at which sag is defined.

xdec, ydec Decenter of distribution. 0., 0.
PAUSE Pauses until user hits[ENTER]. Language
Command Formg(s): PAUSE

pause/time ipause

pause/label (label)

Description: PAUSE

Pause, with no number, causes the code to print “ pause?’ to the terminal and halts execution until any
character is entered from the terminal. If avalue for ipause is entered, the code waits that number of
seconds and then continues without user intervention. Pause/label alowsalabel to be used. Also see
printable comments“C” and “CC” c.

Modifier 1 Description

/time Pause specified seconds as a decimal number.

/label Allows the user to add an identifying label for the pause. Variables may be
included by preceeding them by the“@” symboal.

Numerical Values Description Defaults

ipause Decimal time to pause. O pauses until [enter] 0
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PHASE

Operator

PEAK Sets and displays peak irradiance.
Command Forms(s): PEAK

peak/list ibeams

peak/norm/both ibeams pnorm

peak/norm/rows ibeams pnorm

peak/norm/columns ibeams pnorm

Description: PEAK

Finds the peak intensity of the beam(s) specified by ibeams. The array indices and ray coordinates of
the peak and the peak intensity are printed. If /normisused, the peak valueisreset to pnorm (default value

ispnorm = 1). See Ex46 for an example of the use of this command. Seeasovalley .

Modifier 1 Description

/list List current keywords.

/norm Normalize all values to peak and multiply by pnorm.

Modifier 2 Description

/both Normalize using both rows and columns (default).

/rows Normalize each row individualy to pnorm.

/columns Normalize each column individually to pnorm.

Numerical Values Description

ibeams Beam number (O to select all beams). 1 tonbeam
pnorm Normalizing value.

System Variable Data Description

peak/intensity Peak intensity.

peak/xcen X-center of peak.

peak/ycen Y-center of peak.

peak/icen Pixel coordinate of center, x-direction.

peak/jcen Pixel coordinate of center, y-direction.

PHASE Piston and random phase aberration. Aberration
Command Forms(s): PHASE

phase/kolmogorov kbeam rad0 iseed outer inner
phase/piston ibeams phsdeg

phase/piston/random ibeams iseed

phase/random/sqgr kbeam werr arad iseed
phase/random/rec kbeam werr xarad yarad iseed
phase/random/sep kbeam xwerr ywerr xarad yarad iseed
phase/screen kbeam werr arad iseed
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Description:. PHASE
Adds a phasefront to the beam array. The phasefront may be a piston error, agaussian smoothed random
wavefront, or Kolmogorov atmospheric aberration.

Modifier 1 Description
phase/piston Constant phase front.
phase/random Random phase front smoothed to specified autocorrel ation widths.
phase/kolmogorov Atmospheric aberration. The GLAD feature set isrequired.
phase/screen Adds smoothed random phase (quick).
Modifier 2 Description
random/sqr Autocorrelation is the same for x- and y-directions.
random/rec Autocorrelation may be different for x- and y-directions.
random/sep Aberration magnitude and autocorrelation may be different for x- and y-
directions.
Numerical Values Description Defaults
kbeam Single beam number. 1
rado Seeing parameter. Radius of autocorrelation function.
iseed Integer value to set random number generator.
outer Outer limit of Lutomirski correction to Kolmogorov
model.
inner Inner limit of Lutomirski correction to Kolmogorov
model.
phasdeg Piston error in degrees of phase.
werr RMS value of random error in waves.
arad Autocorrelation radius.
xarad X-half width of autocorrelation function.
yvarad Y-half width of autocorrelation function.

PHASE/KOLMOGOROV Atmospheric aberration, Kolmogorov model.  Aberration

Command Forms(s): PHASE/KOLMOGOROV

phase/kolmogorov  kbeam rad0 iseed outer inner

Description: PHASE/KOLMOGOROV

Adds atmospheric aberration according to the Kolmogorov model, as modified by Von Karman to
elliminate the singularity. The GLAD feature set is required. The atmospheric model assumes the power
spectrum of the wavefront is
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where W is the power spectrum of the wavefront, r is the seeing parameter, p is the spatial frequency, L,
is the outer scale, and L; is the inner scale. These parameters are in radians, meters, and inverse meters
respectively.

Reference

1. R.F Lutomirski and H.T. Yura, Aperture Averaging Factor for a Fluctuating Light Signal,J. Opt. Soc.
Am., Vol. 59, No. 9, pp1247-1248 (1969).

Numerical Values Description Defaults
kbeam Single beam index number.
rado Autocorrelation diameter of atmosphere—Fried's
parameter—n cm.
outer Outer scale size of atmosphere. 1000 cm
inner Inner scale size of atmosphere. 0.1cm
PHASE/PISTON Adds piston aberration. Aberration

Command Forms(s): PHASE/PISTON
phase/piston ibeams phsdeg

phase/piston/random ibeams iseed

Description. PHASE/PISTON

Adds a constant phase (piston error) to the entire beam distribution. The phase may be a user specified
constant or may be chosen randomly. For random selection, i seed sets the seed for the random number
generator. If iseed isnonzero, it is used to select the seed. If iseed is zero, the seed will be generated
randomly. One may generate arandom series of piston values at different stationsin abeam train by calling
the command with iseed selected by the user for the first call and left zero for all subsequent calls.

Modifier 2 Description

/random Random phase front smoothed to specified autocorrelation widths.
Numerical Values Description Defaults
ibeams Beam number (O to select all beams). 1 tonbeam
phsdeg Phase angle (deg).

iseed Seed for random number generator.
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PHASE/RANDOM Adds smoothed random phase. Aberration

Command Forms(s): PHASE/RANDOM

phase/random/sqr/(modifier 3) kbeam werr arad iseed
phase/random/rec/(modifier 3) kbeam werr xarad yarad iseed

phase/random/sep/(modifier 3) kbeam xwerr ywerr xarad yarad iseed

Description. PHASE/RANDOM

Adds a smoothed random wavefront aberration to the beam using gaussian frequency weighting
(/gaussian) or truncated frequency spectrum (/clap). Also, see phase/screen

Modifier 2 Description

/sqr Random phase front with same autocorrelation width in X- and Y-directions.
/rec Random phase front with different autocorrelation width in X- and Y-directions.
/sep Aberration is added with different wavefront variances in the two directions as

well as different autocorrel ation widths in the X- and Y- direction.

Modifier 3 Description
/gaussian Gaussian shapped power spectrum.
/clap Flat-top shapped power spectrum.
Numerical Values Description Defaults
kbeam Single beam number. 1
werr Wavefront error (waves). RMSwhen werr > 0. Peak-to-
valey whenwerr < 0.
XWEerr, ywerr For /sep, separable wavefront error (waves). RMS
when werr > 0. Peak-to-valley when xwerr < 0.
arad Autocorrelation radius (cm).
xarad Autocorrelation radii in X-directions (cm).
yarad Autocorrelation radii in Y-directions (cm). xarad
iseed Seed for random number generator (i seed = 0 doesnot
reset seed).
PHASE/SCREEN Adds smoothed random phase (quick). Aberration
Command Forms(s): PHASE/SCREEN
phase/screen/gaussian kbeam werr arad iseed
phase/screen/clap kbeam werr arad iseed

Description: PHASE/SCREEN

Creates a phase screen of unit irradiance with phase consisting of a smoothed random wavefront
aberration using gaussian frequency weighting (/ gaussian) or atruncated frequency spectrum (/clap).
phase/random issomewhat more general in that it can add the aberration to an existing beam and can
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compute the wavefront statistics exactly over the non-zero aperture. Phase/screen can only create a
phase screen but is considerably faster. Use mult /beam to apply the phase screen.

Modifier 2 Description
/gaussian Gaussian shaped power spectrum.
/clap Flat-top shaped power spectrum.
Numerical Values Description Defaults
kbeam Single beam number. 1
werr Wavefront error (waves). RMSwhen werr > 0. Peak-to-
valley whenwerr < 0.
arad Autocorrelation radius (cm).
iseed Seed for random number generator (i seed = 0 does not
reset seed).
PHASE2INT Convertsphasedistribution to intensity distribution. Operator

Command Forms(s): PHASE2INT

phase2int/one kbeam
phase2int/two kbeaml kbeam?2
phase2real/one kbeam
phase2real/two kbeaml kbeam?2

Description: PHASE2INT

Converts phase to an intensity or real distribution. Also see waves2int and waves2real . Waves
in wavelengths is —phase/2/rt (radians).

Modifier 2 Description

/one Transform phase into intensity.

/two Make intensity of kbeam2 egual to phase of kbeaml

Numerical Values Description Defaults

kbeam Single beam number. 1

kbeaml Input beam for /two. 1

kbeam?2 Output beam for /two. 2

PIB Power-in-the-bucket calculation. Diagnostics

Command Forms(s): PIB

pib/cir kbeam xrad nbrads refinc [(parameter)]
pib/sqr kbeam xrad nbrads refinc [(parameter)]
pib/ell kbeam xrad yrad nbrads refinc [(parameter)]
pib/rec kbeam xrad yrad nbrads refinc [(parameter)]
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PIB

Command Forms(s):  PIB (Continued)

pib/level

Description: PIB

kbeam level

Obsolete command see encircled. Generates atable of power-in-the-bucket data. A maximum of
50 points may be generated in the table. With the parameter, “udata”, the table may be displayed with the
plot/udata. Related commands fitfwhm, fitegauss, fitgeo, fitknife,and fitlevel.

Modifier 1 Description

/cir Circular bucket.

/sqr Square bucket.

/ell Elliptical bucket.

/rec Rectangular bucket.

/level Relative energy passed by aperture diameter whose size is to be cal cul ated.

Modifier 2 Description

/middle Centers the bucket at the middle of thefield array.

/peak Centersthe bucket at the peak intensity paint.

/centroid Centers the bucket at the centroid of the intensity.

Par ameter Description

register Stores the power-in-the-bucket for the reference radiusin the variable defined by
parameter modifier. Example of parameter and modifier:
register/tempvalue

udata pib Stores entire table in user data array radiusin x.

Parameter Modifier

Description

nstore

Variable or real register number.

Numerical Values Description Defaults
kbeam Single beam number. 1
(x,y)rad Reference radius (cm) in X and/or Y direction. required
nbrads Number of referenceradii, O givesthe singlevalueforthe 1
reference radius. Parameter register has adefault of nbrads
=0.
refinc Increment of data as a function of reference radius. 25
level Relative energy level for which clear apertureisto be set. 0.865

System Variable Data

Description

fitxcent, fitycent

X or y beam center.

fitencir

Radius of aperture encircling specified relative energy from /level.

fitxomega, fityomega

X- or y-radii of equivalent gaussian beam.

fitxrad, fityrad

X- or y-transverse radius of equivalent gaussian beam.

fitxsig, fitysig

X- or y-standard deviation of equivalent gaussian beam.
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PLOT

Example 1

PLOT

Generate a pib plot out to 3 beam radii with 10 points per beam radius.
pib kbeam=1 nbrads=3 refinc=.1 udata

/xlabel radius (cm)

udata/ylabel power (w/cm**2)

title power-in-the-bucket

plot/udata

Example 2

pib/cir/middle kbeam=1 nbrads=6 refinc=.1 udata

plot/udata

PLOT

Various graphics. Diagnostics

Command Forms(s):
plot/watch

plot/watch/print
plot/watch/relative

plot/disk

plot/bitmap
plot/contour
plot/elliptical
plot/histogram
plot/isometric
plot/liso
plot/orthographic
plot/plot log
plot/skip
plot/title
plot/udata
plot/vector
plot/xslice
plot/zigzag
plot/print

plot/metafile/emf
plot/metafile/wmf
plot/metafile/cgm
plot/metafile/ps
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Directs plot to disk, closes file after each plot to expedite plotting to
windows, added to watch.dat for display by Watch (Seeplot /disk).

Printing takes place when the next file is made.

Causesthe plot offsetsto be interpreted relative to the lower left corner of
Watch.exe.

Directs plot to disk, not added to watch.dat for display by Watch. (See
plot/watch).

Bitmap.

Contour plot.

Elliptical polarization plot.

Histogram display.

Isometric plots, cross hatched.

Fast isometric plot with slicesin one direction,

Variable size diagonal elements.

Controls file watch.dat for Watch program.
Advance plot number.

Plots the title,

Plot of datafrom udata command,

Vector form of polarization display.

Slice in x-direction

Displays configuration of zigzag amplifier.
Causes an existing plot file to be printed by Watch.exe to the default
printer.

Create MS Windows metafile, extension *.EMF.
Create M S Windows metafile, extension * . WMF.
Create CGM file, extension * .CGM.

Create PostScript file, extension * .PS. May be converted to PDF fileswith
Adobe Acrobat Distiller (or similar application).
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Command Forms(s): PLOT (Continued)

plot/info Gives summary of plot state.
plot/on Restores plot activities after plot /off.
plot/of Turns off plot activities.

Description: PLOT

GLAD creates graphic metafiles which may be viewed with Watch.exe. The metafile name may be set
by the command plot /watch. The default name is plotl.plt. One may send each successive plot to the
same metafile plot name or different metafiles by selecting different metafile plot names. GLAD maintains
alist of the plot files used in the current session in the file watch.dat. By default Watch uses watch.dat to
determine how many windows to open and displays each of the current plot files. Watch may also be set to
display only files selected interactively by deselecting “From Watch.dat” form the File menu. Watch can
also print the metafile or create a windows metafile (* .wmf) from the File menu.

Color Coding

GLAD assigns colors for each beam to be used in /1iso, /isometric, /xslice, /yslice,
/vector, /ellipse, and /histogram. GLAD uses 6 colors to identify beams, according to the
equation,

color number = mod(beam number — 1, 6) + 1 (187)

The default color numbers are given in Table 18.

Table. 18. Default Color mapping
Color number Color
blue
green
cyan

red
magenta
yellow

O O | W N -

These colors may be remapped with set /map color. Contour plots and plot /udata use different
color coding, as described with the respective commands.

Plot Control Commands

plot/watch (File name) xoff yoff xsize ysize
plot/watch/relative (File name) xoff yoff xsize ysize

This command creates aplot filein GLAD metafile format. The file will be added to thelist of plotsin
watch.dat and will displayed by the Watch program. xof £, yoff, xsize, and ysize specify the plot
offsets from the upper left of the screen and width an height of the screen (pixels) to be set by Watch. These
position and size settings may be changed by plot /plot log/change, which will change watch.dat
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and Watch will subsequently adjust the display. The modifier /relative causes xof f and yof f to be
interpred relative to the lower left corner of Watch.exe.

plot/disk (Filename)

The above command creates aplot file similar to plot /watch except that the name of the plot is not
added to watch.dat so it is not automatically displayed. Thisisuseful to create a plot file without displaying
it.

The default file nameis plot1.plt. Do not include the parentheses. The filename may be written asa 20
character expression, converted to lower case (the “/” character is not allowed in the short form).
Alternately an expression of up to 80 characters may be used in the form “filename”, no case conversion
takes place, any characters are allowed. The filename is preceded by a path name if one has been defined
with set /path. It is preferable to set the default folder from the Controls dialog box of the Interactive
Input of IDE.EXE.

plot/skip nskip
The above command advances the plot page number by nskip.
plot/screen/pause ipause

The above command will cause the program to wait i pause seconds before continuing. This replaces the
usual wait for the user to enter akey. A zero value for ipause turns off the timed pause and returnsto a
wait for user entry.

plot/title size

The above command plots the title with character size determined in pixels where there are 768 pixels for
the screen height.
The command

plot/info

summarizes the current plot state, graphic protocoal, etc.
The commands

plot/off
plot/on

turn plotting activities off or back on respectively.
The command below

plot/print (Filename)

will cause Watch.exe to print Filename using the current printer. The current printer may be changed using
the printer setup features of Watch.exe.
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Windows metafile format (*.WMF) and the Enhanced metafile format are widely used vector graphic
format. The EMF format allows better control of the graphic size and is preferred over WMF. The
commands shown below

plot/metafile/emf (Filename)
plot/metafile/wmf (Filename)

cause Watch.exe to generate Filename into an MS Windows metafile with the suffix *.EMF or * WMF
respectively. For example, plotl.emf will be created from plotl.plt. The default nameisthe name of the most
recently created plot.

Scalar vector graphics (SVG) and compressed scalar vector graphics (SVGZ) may be generated with
the commands:

plot/metafile/svg (Filename)
plot/metafile/svgz (Filename)

These plot styles may be used in ghe GLAD HTML Files. Note that local SV GZ files can not be processed
with the FireFox browser.

Computer graphic metafile (*.CGM) isan | SO standard for vector graphics. Most word processors and
desk top publishing programs support it. The command below

plot/metafile/cgm (Filename)

causes Watch.exe to generate Filename into an commputer graphic metafile with the suffix *.CGM. For
example, plotl.cgm will be created from plotl.plt.
Postscript files may be created by

plot/metafile/ps (Filename)

Theresulting Postscript filesare of size 3.25” x 2.51” (234 points x 181 points). They may be imported into
Adobe Illustrator, Corel Draw, MS Word, or Ghostscript; sent directly to a PostScript printer; or distilled to
PDF files with the Adobe Acrobat Distiller. These PS files have no preview, but one may be added by one
of the drawing programs or Ghostscript.

The Adobe page description format (*.PDF) protocol is now very widely used, especially in Adobe
software. To create PDF filesfor GLAD graphics, it is necessary to purchase and install the Adobe Acrobat
software from Adobe. Once Acrobat isinstalled, Watch may be used to print to the Acrobat Distiller printer
driver to create small, but accurate PDF files for importing into other software. Adobe PostScript files may
also be created by using print-to-file from the Print Setup menu under Watch.

Note that for both meta files and PDF files, that line width is important. The line width may be set in
the Watch program under the menu item Preferences. In the GLAD Examples manual (examples.pdf), zero
linewidth isused for the screen version of examples.pdf to achieve maximum screen resolution. These zero-
line-width graphics show high detail in the Adobe Acrobat Reader with the magnifier tool. These zero width
graphicsdo not print well directly from examples.pdf. At AOR we prepare aspecial version of the Examples
Manual with thick line graphics for use on our color printers.

See the set command for a number of commands that set various parameters for graphics.
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Making movies

PLOT

Graphic images may be captured using software such as Camtasia (www.camtasia.com).

Modifier 1 Description

/skip Advace the plot number by nskip.

/title Plots the current title.

/print Sets the density of plot lines.

/metafile Creates ametafile from the current or designated plot name of form EMF,
WMF, CGM, or PS (PostScript).

/on Sets labels of plots on (default) or off.

Joff Set mgjor and minor tick marksfor plot /udata.

Table. 19. The following set commands alter the setting of variousplot features.

set/color

set /monochrome

set/density

xdensity ydensity

set/frame/(on or off)

set/label/(list, on, or off)

set/grid

xmajor xminor ymajor yminor

set/window/center-width xrad yrad xdec ydec

set/window/relative

xmin xmax ymin ymax

set/window/absolute

xmin xmax ymin ymax

set/windows/list

set/plot number

number

set/camera

elevation azimuth distance

set/map color/
(1ist, set, or choices)

color no

set/plot _slice list/
(1ist, on, or of f)

Modifier 1 for set commands Description

/color Use color in plots.

/monochrome Use no color in plots.

/density Sets the density of plot lines.

/frame/(on or of f) Sets frame of plots on (default) or off.

/label/(on or of f) Sets labels of plots on (default) or off.

/grid Set major and minor tick marksfor plot /udata.

/window Sets the plotting window for plot/isometric,
plot/orthographic,plot/elliptical, plot/vector, and
plot/contour.

/windows/list List plotting window status.

/window/all Resets plotting window to entire data field.

/window/center-width

Sets plotting window by x- and y-halfwidths and center position (default).
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PLOT

Modifier 1 for set commands Description (Continued)

/window/rel Sets plotting window. Limits expressed as a percent of total field. O at
right and bottom to 100 at left or top.
/window/abs Sets plotting window. Limits expressed in user coordinates.

/plot _number

Sets the plot number.

/camera

Set camera parametersfor plot /bitmap/./(wireiso, paintiso,
or contpaintiso).

/map color

Display or change mapping of colors to beam numbers.

/plot_slice list

Causesdatafromplot/xslice and plot/yslice to be output.
May be written to an output fileusing write/disk fname.
set/plot_slice list/on

write/disk/on xxx.txt/over

plot/x/1i 1

write/disk/off/close

set/plot _slice list/off

Modifier 2 Description

/on Activates feature.
Joff Deactivates feature.
/list List current values.

/emf, wmf, cgm, ps

Metafiles of type EMF, WMF, CGM, or PS (PostScript)

/choices List choices of color numbersfor set /map color.

/set Set color numbers (color no) with beam numbers () for set /map color.
Numerical Values Description Defaults
xdensity The number of pointsto plot in the X-direction. 21

ydensity The number of paintsto plot xdensity inthe Y-direction.

xmin, xmax, ymin,
ymax

Plot field for /window/abs or /window/rel

xrad, yrad, xdec,
ydec

Plot field for /window/center-width.

xmajor, xminor,
ymajor, yminor

Number of major and minor grid elements for horizontal and 4, 5, 5 5
vertical axesof plot/xslice,plot/yslice and
plot/udata.

elevation,
azimuth,distance

Camera elevation angle, azimuth angle and distance for
plot/byte/./(wireiso, paintiso,or

contpaintiso).
number Plot number.
Beam number for set /map color.
color no Set color number associated with beam number for
set/map color.
size Height of the plot title in pixelsfor plot/title.
nskip Number to skip for the plot number.
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PLOT/BITMAP PLOT/BITMAP

PLOT/BITMAP Several styles of bitmap plots. Diagnostics
Command Forms(s): PLOT/BITMAP
plot/bitmap/intensity/(modifier 3) kbeam max min
plot/bitmap/phase/(modifier 3) kbeam max min
plot/bitmap/wavefront/(modifier 3) kbeam max min
plot/bitmap/real/(modifier 3) kbeam max min
plot/bitmap/aimaginary/(modifier 3) kbeam max min
plot/bitmap/preal/(modifier 3) kbeam max min
plot/bitmap/paimaginary/(modifier 3) kbeam max min
plot/bitmap/material/(modifier 3) kbeam max min
plot/bitmap/logl0/(modifier 3) kbeam max min
plot/bitmap/log/(modifier 3) kbeam max min
plot/bitmap/ginversion/(modifier 3) kbeam max min

Description. PLOT/BITMAP

Makes a bitmap plot which may be displayed in several styles. The user may specify the default style
and camera angle and distance (see set /camera). These style and camera parameters may be changed
interactively in Watch. The region to be displayed may be controlled with set /window.

Modifier 2 Description

/intensity Plots the intensity of the beam.

/phase Plots the phase of the beam.

/wavefront Plots the phase in wavelengths: waves = -phase/(2r).

/real, /aimaginary, Displaysreal or imaginary component of first or second polarization state.

/preal,

/paimaginary

/material Plots the material numbers of thermal arrays.

/1og10, /1log Plots intensity with log base 10 and natural logarithm.

/ginversion Plots the population inversion for again array. Imaginary part of first
polarization state minus real part of second polarization state.

Modifier 3 Description

/burnpattern False color bitmap display.

/graypattern Gray tone bitmap display.

/wireiso Wireframe isometric.

/paintiso Painted isometric plot. Has grid, 6 colors. See /7, /8,and /9.

/contpaintiso Combination painted contour and painted isometric plot.

/arrayvisualizer  Activatesarray visualizer.

/7 Sameas /paintiso. Hasgrid, 13 colors.

/8 Sameas /paintiso. Nogrid, 13 colors.

/9 Sameas /paintiso. Nogrid, 6 colors.
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PLOT/CONTOUR PLOT/CONTOUR

Numerical Values Description Defaults
kbeam Single beam number. 1

min Lowest data value.

max Highest data value.

PLOT/CONTOUR Several styles of bitmap plots. Diagnostics
Command Forms(s): PLOT/CONTOUR

plot/contour/(intensity, phase, kbeam contours threshold peak ilab
wavefront, real, aimaginary, preal, [noincrements]

paimaginary, loglo0, log)

plot/contour/(intensity, phase, kbeam coninc min max ilab
wavefront, real, aimaginary, preal, [increments]

paimaginary, loglo0, log)
plot/contour/zeros kbeam

Description: PLOT/CONTOUR
Makes a contour plot with labeling of the contour line. The fineness of the contour plot is set by the

set /density command.
The contour levels are specified in Table 20.

Table. 20. Colors used withplot /contour.

Contour number Color number Color name
1 5 magenta

2 1 blue

3 3 cyan

4 2 green

5 6 yellow

6 4 red

7 (sameas 1, etc.) 5 repeat sequence magenta, etc.

GLAD reassigns the 6 colors again such that level 7 has the same color aslevel 1.

Modifier 2 Description

/intensity Plots the intensity of the beam.

/phase Plots the phase of the beam.

/wavefront Plots the phase in wavelengths: waves = -phase/(2r).

/real, /aimaginary, Displaysreal or imaginary component of first or second polarization state.
/preal,

/paimaginary

/zeros Displays the locus of real (solid) and imaginary (dashed) zeros of the
distribution.

/1ogl10, /1log Plots intensity with log base 10 and natural logarithm.

/ginversion Plots the population inversion for again array. Imaginary part of first

polarization state minus real part of second polarization state.
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PLOT/ELLIPTICAL PLOT/ELLIPTICAL

Parameter Description

noincrements Contour plot using number of contours and relative scaling (default).

increments Contour plot using specified increment and absol ute scaling.

Numerical Values Description Defaults

kbeam Single beam number. 1

contours Number of contours. 10

coninc Value of contour increments.

threshold L owest percentage value to be included in contour plot
(noincrements).

peak Highest percentage value to be included in contour plot 100
(noincrements).

min, max Minimum and maximum values.

ilab ilab=1,labelson. ilab=0 Labels off

PLOT/ELLIPTICAL Plot of polarization using elliptical display. Diagnostics

Command Forms(s): PLOT/ELLIPTICAL
plot/elliptical kbeam threshold peak

Description: PLOT/ELLIPTICAL

The plot/elliptical command makes a plot of the polarizations state of the beam using the
relatively common elliptical plots. Let the horizontal and vertical polarization components be described by
the complex amplitudes Ex and E,. The polarization plot is found by the locus of points satisfying

—j2mt

AX e

Re[E ] (188)

X

Re[E, e7%™) (189)

Ay y

where Re] ] indicates the real part of the function and ¢ is a parameter which is taken from 0 to 1 to make
one full cycle of the dliptical plot. The locus of points described by (Ax, Ay) isthe elliptical description of
polarization. An arrow is given to show the starting condition of the plot. Rotation in the clockwise direction
gives right-handed polarization. Examples of polarization plots are given in Ex37 .

Numerical Values Description Defaults
kbeam Single beam number. 1

peak Top of intensity range in percent. 100
threshold Bottom of intensity range in percent. 0

Jump to: Theory , Examples 253



PLOT/HISTOGRAM PLOT/ISOMETRIC

PLOT/HISTOGRAM Histogram of irradiance values. Diagnostics

Command Forms(s): PLOT/HISTOGRAM
plot/histogram kbeam bars threshold peak

Description:. PLOT/HISTOGRAM

Makes a histogram of the intensity values. The information displayed is the percentage of the area
within a certain range of intensity values. The areas are normalized to the area above the value specified by
threshold.

Numerical Values Description Defaults

kbeam Single beam number. 1

bars Number of histogram bars. 8

peak Top of intensity range in percent. 100

threshold Bottom of intensity range in percent. 0
PLOT/ISOMETRIC Cross-hatch isometric. Diagnostics
Command Forms(s): PLOT/ISOMETRIC

plot/isometric/ kbeam azimuth elevation height min max first last
(modifier 2)

Description: PLOT/ISOMETRIC
Makes an isometric plot (sometimes called a 3-D plot) of the function defined in the second madifier.
Set density of the plot lines with the command set /density.

Modifier 2 Description

/intensity Plots the intensity of the beam.

/phase Plots the phase of the beam.

/wavefront Plots the phase in wavelengths: waves = -phase/(2r).

/real, /aimaginary, Displaysrea or imaginary component of first or second polarization state.

/preal,

/paimaginary

/1ogl0, /1log Plots intensity with log base 10 and natural logarithm.

/ginversion Plots the population inversion for again array. Imaginary part of first
polarization state minus real part of second polarization state.

Numerical Values Description Defaults

kbeam Single beam number. 1

azimuth Horizontal view angle (in degrees), measured clockwisefromthe 45
y-axis.

elevation Vertical view angle (in degrees), measured from the x/y plane. 45
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PLOT/LISO PLOT/LISO

Numerical Values Description (Continued) Defaults
height Vertical size of the plot, expressed as a fraction to the largest 0.8
horizontal direction.
max, min Maximum and minimum values to be used for scaling.
first, last Numbers of the first and last beam in the range to be plotted.
PLOT/LISO Single-direction scan isometric plot. Diagnostics

Command Forms(s): PLOT/LI1SO

plot/liso/(modifier 2) ibeams ibeame xrad yrad xdec ydec nslice hratio
thetsd max min

Description: PLOT/LISO

Makes an isometric plot consisting of single slices (as opposed to cross hatch plots with isometric).
lisoissevera timesfaster thanisometric and showsgreater detail in onedirection. plot/11iso may also
be used to plot multiple beams on the same plot. GLAD plots al to a common scale.The /real and
/aimaginary modifiers may be used to display the real and imaginary parts of the array. The /preal
and /paimaginary modifiers display the respective real and imaginary states of the p-polarization.

Modifier 2 Description

/intensity Plots the intensity of the beam.

/phase Plots the phase of the beam.

/wavefront Plots the phase in wavelengths: waves = -phase/(2r).

/real, /aimaginary, Displaysreal or imaginary component of first or second polarization state.
/preal,

/paimaginary

/1ogl10, /1log Plots intensity with log base 10 and natural logarithm.

/material Plots the thermal material distribution by the thermal material number.
/ginversion Plots the population inversion for again array. Imaginary part of first

polarization state minus real part of second polarization state.

Numerical Values Description Defaults
ibeams Starting beam number. Will accept abeam pattern, e.g., “1,2,6:7"

for beams 1, 2, 6, and 7.
ibeame Ending beam number.
xrad Half-width in x-direction. Edge of field
yrad Half-width in y-direction. xrad
xdec, ydec X- and y-decenter. 0., 0.
nslice Number of data slices. 32
hratio Relative peak plotted. Allowed range: 0.01< hratio <1. 04
thetad View angle. Allowed range: 1 < thetad <40. 25
max Maximum value for function plot.
min Minimum value for function plot.
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PLOT/ORTHOGRAPHIC

PLOT/ORTHOGRAPHIC Plotswith variable size diamonds.

PLOT/PLOT_LOG

Diagnostics

Command Forms(s): PLOT/ORTHOGRAPHIC
plot/orthographic/intensity kbeam threshold peak

plot/orthographic/phase kbeam threshold peak
plot/orthographic/wavefront kbeam threshold peak

Description: PLOT/ORTHOGRAPHIC
Makes an orthographic plot of the function defined in the second modifier.

Modifier 2 Description

/intensity Plots the intensity of the beam.

/phase Plots the phase of the beam.

/wavefront Plots the phase in wavelengths: waves = -phase/(2r).

Numerical Values Description

Defaults

kbeam Single beam number.

1

threshold Bottom of intensity range in percent.

0

peak Top of intensity range in percent.

100

PLOT/PLOT_LOG Direct control of watch.dat data.

Diagnostics

Command Forms(s): PLOT/PLOT_LOG

plot/plot log/on

plot/plot log/off

plot/plot log/list

plot/plot log/clear

plot/plot log/load (filename)

plot/plot log/add/absolute (filename) xoff yoff xsize
plot/plot log/add/relative (filename) xoff yoff xsize
plot/plot log/delete (filename)

plot/plot log/change/absolute (filename) xoff yoff xsize
plot/plot log/change/relative (filename) xoff yoff xsize
plot/plot log/print (filename)

plot/plot log/meta/wmf (filename)

plot/plot log/meta/cgm (filename)

plot/plot log/top (filename)

Description: PLOT/PLOT_LOG

ysize
ysize

ysize
ysize

The graphic files are displayed by the program Watch by means of the disk file watch.dat which is
maintained by the GLAD program. The command plot/plot_log controlsthe file called watch.dat.
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PLOT/UDATA PLOT/UDATA

Modifier 2 Description

/list Display thelist of current to be displayed (default).

/on List of plot filesis maintained.

/off Discontinue updating list of plot files.

/load Adds file names from an external file to the list of files generated in the current
command file execution.

/clear Clear all plot file names from watch.dat.

/add Add aplot file nameto thelist (to include aready existing plot files). Variablesare

not allowed in the dataline. Usean “r” after offsets that are to be interpreted as
being relative to Watch.exe. For example:
plot/plot log/add plotl.plt 100r Or 400 300.

/delete Delete a plot file name from the list.

/change Change plot offsets and size in watch.dat. Watch will adjust accordingly. Variables
are not alowed in the dataline. Usean “r” after offsetsthat are to beinterpreted as
being relative to Watch.exe. For example:
plot/plot log/change plotl.plt 100r Or 400 300.

/print Causes Watch to print the current plot file. File must bein the list of current files.
/top Places designated file at the top of the Watch display of plots.

Modifier 3 Description

/emf Create an M'S Windows metafile with extension * .EMF.

/wmE Create an M'S Windows metafile with extension * WMF.

/cgm Create aCGM file with extension *. CGM.

/ps Create PostScript file, extension *.PS.

metafile/svg Create uncompressed Scalar Vector Graphics, extension *.SVG.
metafile/svgz Create compressed Scalar Vector Graphics, extension * .SVGZ.

Character Sring Description

filename For /1oad, disk fileto be loaded to initialize list of plot names. For /add or
/delete the plot file name to be added or deleted.

Numerical Values Description Defaults

xoff, yoff Offset of the plot measured from the upper left of the screen (pixels).

xsize,ysize Size of the plot measured from the upper left of the screen (pixels).

PLOT/UDATA Plotsdatain UDATA arrays. Diagnostics

Command Forms(s): PLOT/UDATA

plot/udata/123 first last left right min max nskip [(parameter)]

plot/udata/sequence left right min max nskip [(parameter)]

plot/udata/set [y01]l [y02] [y03] [y04] [y05] [y06] I[y07] [y08]
[y09] [y10] I[y11] [y12]

plot/udata/list

plot/udata/xlabel (xlabel string)
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PLOT/UDATA PLOT/UDATA

Command Forms(s): PLOT/UDATA (Continued)
plot/udata/ylabel (ylabel string)

Description:. PLOT/UDATA

Makes a plot of the user defined data stored using the command udata . The stored data consists of
three functions (/123) or up to twelve functions (/ sequence) defined against a common independent
variable axis. Seeudata for specificson forming the data values. Thethree functions arereferred to asthe
1st, 2nd, and 3rd dependent data sets. The functions are identified by 1 six-color scheme, which repeats such
that function 7 is given the same color as function 1. See Table 21.

Table. 21. Colorsused with plot /udata.
Contour number Color name

1 red
2 yellow
3 green
4 cyan
5 blue
6 magenta
7 (sameas 1, etc.) red, etc.
Modifier 2 Description
/123 Plot all functionsfrom £irst to last.
/sequence Plots functions defined by the / set modifier. Up to 12 functions may be used.
/set Sets columns to be plotted by identifiersy01 to y12. If noidentifiers are
specified, alist of current identifiers will be displayed.
/list Lists on/off status of the 12 function columns.
/xlabel, /ylabel Define horizontal or vertical label for the plot.
Character Sring Description
xlabel, ylabel Character strings for labeling the x- and y-axis of the plot.
Parameters Description
y0ltoyl2 Character parameters defining the dependent functions to be plotted.
dash Use dashed linesto distinguish curves. Default is all solid curves.
label Label lines with beam numbers. Default is no labels.
spline Implement splinefit of data. Default is no splinefit.
Numerical Description Defaults
Values
first Number of first dependent data set to be plotted. 1
last Number of last dependent data set to be plotted. first
left Minimum independent variable to be plotted. Min. Data. Pt.
right Maximum independent variable to be plotted. Max. Data. Pt.
min Minimum of the function to be plotted (absolute value, not relative). Min. of Func.
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PLOT/VECTOR PLOT/XSLICE

Numerical Description (Continued) Defaults

Values

max Maximum of the function to be plotted (absolute value, not relative). Max. of Func.
nskip Number of data points to be skipped. 0
PLOT/VECTOR Plot polarization with vectorsin complex plane. Diagnostics

Command Forms(s): PLOT/VECTOR

plot/vector/add kbeam threshold peak
plot/vector/orthogonal kbeam threshold peak
plot/vector/principle kbeam threshold peak

Description:. PLOT/VECTOR

The plot/vector command makes a plot of the polarizations state of the beam by explicitly
displaying E, and E, in the complex plane. Unlike other plotsin GLAD, inplot /vector the horizontal
direction representsthe real axisand the vertical direction represents the imaginary axis. The horizontal and
vertical complex amplitudes E, and E, are represented by two vectors, each with half of an arrow head. E,
isrepresented by avector with the half-arrow-head on the counterclockwise side of the vector. An example
of plot/vector isshownin Ex37.

Modifier 2 Description

/add Shows x- and y-polarization states as vectors in the complex plane.

/orthogonal (not complete.) Will show stress tensor.

/principle (Not complete.) Will show principle components for stress tensor.

Numerical Values Description Defaults

kbeam Single beam number. 1

threshold Bottom of intensity range in percent. 0

peak Top of intensity range in percent. 100

PLOT/XSLICE Plot a slice through x-direction. Diagnostics

Command Forms(s): PLOT/XSLICE

plot/xslice/ ibeams slice left right fmin fmax first last

intensity [(parameter)]

plot/xslice/phase ibeams slice left right pmin pmax first last
[(parameter)]

plot/xslice/ ibeams slice left right pmin pmax first last

wavefront [(parameter)]

plot/xslice/both ibeams slice left right fmin fmax pmin pmax first

last [(parameter)]
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PLOT/XSLICE

PLOT/XSLICE

Command Forms(s): PLOT/XSLICE (Continued)

plot/xslice/ (real, ibeams slice left right fmin fmax first last

aimaginary, preal,

[(parameter)]

paimaginary, loglo,

log)
plot/xslice/

ibeams slice left right fmin fmax pmin pmax first

(complex or pcomplex) last [(parameter)]

Description: PLOT/XSLICE
Makes a plot along an x-dlice of the data specified in the second modifier.

Modifier 2 Description

/intensity Plots the intensity of the beam.

/phase Plots the phase of the beam.

/wavefront Plots the phase in wavelengths: waves = -phase/(2r).

/both Plots both the intensity and phase.

/real, /aimaginary, Displaysreal or imaginary component of first or second polarization state.
/preal,

/paimaginary

/1loglo, /log

Plotsintensity with log base 10 and natural logarithm.

/complex Or

Plot both real and imaginary parts of first or second polarization state.

/pcomplex
/ginversion Plots the popul ation inversion for again array. Imaginary part of first
polarization state minus real part of second polarization state.
Parameter Description
label Label curves with beam number. By default a single beam has no labels and
plots of more than one beam (first not equa to last) has labels.

nolabel No labeling of curves with beam numbers (default).

Numerical Values Description Defaults

ibeams Beam number (O to select all beams). 1 tonbeam

slice Y-coordinate of the x-slice. 0.

left Minimum x-coordinate to be plotted. minimum X

right Maximum x-coordinate to be plotted. maximum X

fmin Minimum of the intensity (or real or imaginary part) tobe  min. of int.
plotted (absolute value, not relative).

fmax Maximum of the intensity (or real or imaginary part) tobe  max. of int.
plotted (absolute value, not relative).

pmin Minimum of the phase (or imaginary part for /complex or min. of phas.
/pcomplex) to be plotted (phase in radians).

pmax Maximum of the phase (or imaginary part for /complex or max. of phas.
/pcomplex) to be plotted (phase in radians).

first Number of first beam in the range to be plotted. 1

last Number of last beam in the range to be plotted.
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PLOT/YSLICE

PLOT/YSLICE

PLOT/YSLICE Plot a slicethrough y-direction. Diagnostics

Command Forms(s): PLOT/YSLICE

plot/yslice ibeams slice left right fmin fmax first last

intensity [(parameter)]

plot/yslice/phase ibeams slice left right pmin pmax first last
[(parameter)]

plot/yslice/ ibeams slice left right pmin pmax first last

wavefront [ (parameter) ]

plot/yslice/both ibeams slice left right fmin fmax pmin pmax first
last [(parameter)]

plot/yslice/ (real, ibeams slice left right fmin fmax first last

aimaginary, preal, [(parameter)]

paimaginary, loglo,

log)

plot/yslice/ ibeams slice left right fmin fmax pmin pmax first

(complex or pcomplex) last [(parameter)]

Description:

PLOT/YSLICE

Makes a plot along an y-slice of the data specified in the second modifier.

Modifier 2 Description

/intensity Plots the intensity of the beam.

/phase Plots the phase of the beam.

/wavefront Plots the phase in wavelengths: waves = -phase/(2r).
/both Plots both the intensity and phase.

/real, /aimaginary,
/preal,
/paimaginary

Displays real or imaginary component of first or second polarization state.

/1logl0, /log

Plots intensity with log base 10 and natural logarithm.

/complex or

Plot both real and imaginary parts of first or second polarization state.

/pcomplex

/ginversion Plots the population inversion for again array. Imaginary part of first
polarization state minus real part of second polarization state.

Par ameter Description

label Label curves with beam number. By default a single beam has no labels and
plots of more than one beam (first not equal to last) has labels.

nolabel No labeling of curves with beam numbers (default).

Numerical Values Description Defaults

ibeams Beam number (0 to select all beams). 1 tonbeam

slice X-coordinate of the y-slice. 0.

left Minimum y-coordinate to be plotted. minimum y

right Maximum y-coordinate to be plotted. maximum y
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PLOT/ZIGZAG POINT

Numerical Values Description (Continued) Defaults

fmin Minimum of theintensity (or rea or imaginary part) tobe  min. of int.
plotted (absolute value, not relative).

fmax Maximum of the intensity (or real or imaginary part) tobe  max. of int.
plotted (absolute value, not relative).

pmin Minimum of the phase (or imaginary part for /complex or min. of phas.
/pcomplex) to be plotted (phase in radians).

pmax Maximum of the phase (or imaginary part for /complex or max. of phas.
/pcomplex) to be plotted (phase in radians).

first Number of first beam in the range to be plotted.

last Number of last beam in the range to be plotted. 1

PLOT/ZIGZAG Plot configuration of zigzag amplifier. Diagnostics

Command Forms(s): PLOT/ZIGZAG

plot/zigzag/gain

plot/zigzag/beam

Description: PLOT/ZIGZAG

Displays the configuration of the zigzag amplifier in gain or beam coordinates. The starting faceisin
green and the ending faceisin red. The gain rectangle is shown in cyan.

Modifier 2 Description

/gain Plot zigzag amplifier in gain coordinates. The starting face isin green and the
ending faceisin red.

/beam Plot zigzag amplifier in beam coordinates with the ray entering from the left. The
starting face isin green and the ending faceisin red.

POINT Set or display valuesat a point in an array. Diagnostics

Command Forms(s): POINT

point/list/ij/(Modifier 3) ibeams i j
point/list/xy/(Modifier 3) ibeams x y
point/record/ij/(Modifier 3) ibeams i j
point/record/xy/(Modifier 3) ibeams x y
point/set ibeams i1 j real aimag preal paimag

Description: POINT
This routine enables listing and setting complex amplitude values at a specific point.

Modifier 1 Description
/list List the values at the specified point.
/set Set the values at the specified point.
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POLES POLES

Modifier 1 Description (Continued)
/record Record the results in system variables (see table below) without listing.
Modifier 2 Description
/173 Useinteger addresses corresponding to array indices 1 <=i <=nlinx (left toright),
1 <=j <=nliny (top to bottom). No interpolation is required. (default)
/Xy Use real addresses with (0.,0.) at the center of the array. Employs interpolation.
Modifier 3 Description
/intensity Display intensity (default).
/sa,/sror/si Complex, real, or imaginary part of s-polarization.
/pa, /pror/pi Complex, real or imaginary part of p-polarization.
Numerical Values Description Defaults
ibeams Beam number (0 to select all beams). 1 tonbeam
i, J Column and row numbers for /i 7j, measured from upper left -\, N
(— +1, 5+ 1)
2 2
X,y Real coordinates of the array for /xy. (0.,0)
real, aimag, Real, imaginary, y-polarization real, y-polarizationimaginary. 0.,0.,0.,0.
preal, paimag
System Variable Data Description (after executing point/list)
variab/set nstore point/intensity Intensity (default).
variab/set nstore point/sa Complex s-polarization for complex variable.
variab/set nstore point/sr Real part of s-polarization.
variab/set nstore point/si Imaginary part of s-polarization.
variab/set nstore point/pa Complex p-polarization for complex variable.
variab/set nstore point/pr Real part of p-polarization.
variab/set nstore point/pi Imaginary part of p-polarization.
POLES Calculate number of phase poles. Diagnostics

Command Forms(s): POLES

poles/count/phase kbeam
poles/count/zeros kbeam
poles/mark/phase kbeam
poles/mark/zeros kbeam

Description: POLES
This routine counts the phase poles in the distribution. Such phase poles can not be removed by phase
unwrapping algorithms.
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POPTEXT POPTEXT

Modifier 1 Description
/count Count the number of poles.
/mark Count and mark the number of poles by setting the polesto 1 and all other points

to 0. Distribution may be displayed by any of the irradiance plotting features.
plot/liso/real will display positive poles and negative poles separately.

Modifier 2 Description
/phase Finds poles by phase discontinuities. More robust but somewhat slower.
/zeros Identify poles by the crossing point of the loci of real zeros and imaginary zeros

of the complex amplitude. Works well for smooth functions such as speckle.

Numerical Values Description Defaults
kbeam Single beam number. 1

System Variable Data Description

poles Number of poles found.

POPTEXT Display data in popup windows. Language
Command Formg(s): POPTEXT

poptext/compose (filename)

poptext/end

poptext/display (filename) seconds xoff yoff

poptext/wait

Description: POPTEXT

Composes and displays popup text. Useful in creating a more dramatic title consisting of up to 16 lines
and a maximum of 64 columns. The following example illustrates how to compose popup text (including
the use of variables) and to display the poptext. poptext /display calls POPTEXT.EXE which must be
in the current directory or in the path for executablefiles.

poptext/compose xxx.txt

This is an example of popup text
pass = @pass

poptext/end

poptext/display xxx.txt 10

Thispoptext/display command will display xxx.txt for 10 seconds. Thefile xxx.txt isastandard
ASCII file and could also have been created externally to GLAD by any text editor.

Modifier 1 Description

/compose Start of text block.

/end End of text block.

/display Display the designated ASCI| file. The filename and number of seconds are
passed literally to poptext.exe as command line arguments.
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PRIVILEGES PRIVILEGES

Modifier 1 Description (Continued)

/wait Pause until poptext isfinished.

Numerical Values Description Defaults
seconds Timeto display text (seconds).

xoff X-offset of text window from left (pixels).

yoff Y-offset of text window from top (pixels).

PRIVILEGES Display and set privileges. Code and key infor mation. Language
Command Forms(s):  PRIVILEGES

privileges/list

privileges/set

privileges/register

privileges/password (password)

privileges/upgrade (password)

privileges/keyread

Description: PRIVILEGES

Liststhe active options, compilation date, and warranty period. For the demo, lists the remaining cycles
left. /set allows active options to be temporarily turned off to evaluate whether the options are necessary
for a specific calculation. For /password, /update, /keyread, and /menu, alog file named keyread58.1og is
generated and contains information about keyread activity.

Modifier 1 Description

/list List the active options.

/set Set active options off. Useful for demo code to eval uate whether options are
required to solve given problems.

/register Generates registration information and createsafile of form XXX_Y'Y.txt. Where

XXXX isthefour digit key number and Y'Y isthe two digit version number. For
example 3400 _50.txt for key 3400 and version 5.0. Email thisfile as an
attachment to AOR to complete your registration.

/password Set password of security key. Password is an eight-digit hexidecima number
provided by AOR to set the security key to permanent statusfor GLAD or GLAD
privileges.

/update Upgrade version number of an old security key to current GLAD version.

Password is afour-digit hexidecima number provided by AOR.
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Modifier 1 Description (Continued)

/keyread Runs keyread.exe to with an interactive menu to display information about the
security key and to set password and label. The menu displays options for setting
the password and/or upgrading the version with appropriate passwords. If the
permanent password for GLAD is already set and the key version is up-to-date
with the software version, only the information menu is displayed. Keyread.exe
maintains a data log called keyread58.1og which can be used for diagnostic
purposes.

PROJECT Project sum of irradiance along y onto a single row. Language

Command Forms(s): PROJECT

project/irradiance/y kbeami kbeamo

project/irradiance/x kbeami kbeamo
project/amplitude/y  kbeami kbeamo
project/amplitude/x kbeami kbeamo

Description:. PROJECT

This routine calculates the sum of irradiance in the y-direction. Beam kbeami should be N x M and
kbeamo should be N x 1. See copy /row and copy /column for a method of copying one row or
column of the input beam to al rows or columns of the output beam.

Modifier 1 Description

/irradiance Sum the irradiance.

/amplitude Sum the complex amplitude.

Modifier 2 Description

/Yy Sum along y-direction (default).

/x Sum along x-direction.

Numerical Values Description Defaults
kbeami Input beam.

kbeamo Output beam.

PROP Diffraction propagation in global coordinates. Propagation

Command Forms(s): PROP

prop/chief ppl kbeaml...kbeam9

prop/xproj/(Modifier 2) projpl kbeaml...kbeam9
prop/yproj/(Modifier2) projpl kbeaml...kbeam9
prop/zproj/(Modifier 2) projpl kbeaml...kbeam9

prop/vertex/plane kbeaml ... kbeam9
prop/vertex/closest  kbeaml...kbeam9
prop/beam/plane kbeam0 kbeaml...kbeam9
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Command Forms(s):  PROP (Continued)
prop/beam/closest kbeam0 kbeaml...kbeam9

Description: PROP

The prop command supersedes the original propagation command dist. The command
prop/chief applies diffraction propagation along the chief ray direction. The command is integrated
with the global coordinate system defined by global. A positive value of ppl will aways result in a
movement in the direction of the beam propagation. The global coordinates will be correctly modified to
show the new beam positions. The beams to be selected are determined by beams.

Prop/chief performscalculationsby caling dist with the proper sign of the propagation step to
make a positive physical path length change. Only positive values of ppl are physically rea. A warning
messageisissued if ppl isnegative.

Prop undefines the vertex position such that a new vertex command must be issued prior to the next
element requiring vertex definition.

The modifiers /xproj, /yproj, and /zproj cause a diffraction step with distance projpl
measured along the specified axis. The projected distances may be made relative or absol ute depending on
the selection of Modifier 2. The diffractive propagation is always along the chief ray. When a projection is
requested, alength is calculated to achieve the specified projected length.

Warning: do not attempt to use the projection function with an axis that is close to perpendicular to the
chief ray direction.

Thecommand prop/vertex propagates along the current direction to the vertex position as specified
by the previous /vertex command. Note that it is not necessary to issue aprop/vertex prior to one
of the global commands. mirror/global, l11lensgroup ,andgrating /global. These commands
issue there own propagation operation to bring the beam to the vertex.

Modifier 1 Description

/chief Propagate along the chief ray (default).

/Xproj Propagate a projected distance on the x-axis.

/yproj Propagate a projected distance on the y-axis.

/zproj Propagate a projected distance on the z-axis.

/vertex Propagates to the tangent plane of the vertex of next surface defined by the
commands vertex/locate and vertex/rotate.

/beam Propagate other beamsto match k 0Obeam either toi-j plane (/plane) or to point

of closest approach (/closest).

Modifier 2 Description

/relative A relative projected step is made of magnitude, projpl (default).
/absolute A projected step to position, projpl.

/plane Propagate to vertex planefor /vertex or beam planefor /beam.
/closest Propagate to point of closest approach to the center of the vertex coordinate

system for /vertex or beam coordinate system for /beam.

Numerical Values Description Defaults
ppl Physical path length. 0.
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Numerical Values Description (Continued) Defaults
projpl Projected path length. 0.
kbeaml -kbeam9 List of beams to be propagated if “on” by the beams

command. kbeaml = 0, propagates all “on” beams.

kbeam0 Reference beam used for /beam.

System Variable Data Description
Global position of beam along chief ray for kbeam.

Xray, yray, zray

opl, ppl Optical path and physical path lengths for kbeam.
zreff Current z-position of beam (cm).
Example

Assume we wish to propagate to a mirror at (0, 0, 100) centimeters, strike a flat mirror at 45 degrees and
propagate a second distance of 100 centimeters. We wish to determine the global coordinates after these

steps.

vertex/locate/abs 0 0 100
vertex/rotate/set 45

(Set mirror position.)
(Rotate beam about x-axis.)

vertex/list (List vertex coordinates.)
mirror/global/flat
prop 100, (Advance the beam 100 cm.)
global/list (List global coordinates.)
AN N\
j u
— N
N PR
Loy ;
AN
%
ray coordinates vertex coordinates
N\
y
N\
X
N\
z

Fig. 25. Propagation to vertex planeby prop/vertex/plane. Thek-vector isprojected to intercept the u-t plane
of the vertex coordinate system. Propagation to the coordinate system of another beam is similar for
prop/beam/plane.
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Fig. 26. Propagation to point of closest approach by prop/vertex/closest. Thek-vector is projected to the
point where it has minimum distance from the center of the vertex coordinate system. Propagation to the point of
closest approach to another beam coordinate system is similar for prop/beam/closest.

RAMAN Raman scattering model. Laser gain

Command Forms(s): RAMAN

raman/collimated/(modifer 2) ipump istokes zstep rgain
raman/step/(modifer 2) ipump istokes zstep rgain
raman/transient

Description:. RAMAN

Propagates the beams using photon flux Raman theory. The GLAD feature set is required. For
collimated beams (/collimated) the changes in the Stokes and pump beams are determined by the
following equations:

}\’S
Ip(X Y, 2) + fplz(x, Y, Z)

Is(X7 Y, Z+ AZ) = | (190)
As (X%, 2 Ao
Ay " (XY, 2) eXp{_Pp(Xs Y, X) + kpls(x, y, Z) |gAZ
}\’S
lo(X Y, Z+AZ) = 1,(X, Y, 2) + rp[ls(x, Y,2) - l(x,y, 2+ A2)]. (191)
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where s and p indicate the seed and pump quantities, g is the small signal gain, and z is the propagation
distance. See Sect. 9.8, GLAD Theory Manual (theory.pdf).

Modifier 1 Description

/collimated Closed form solution for collimated geometry (shown above) is used.
/step Simple differential step isimplemented.

/transient Transient Raman physics treats short laser pulses and spontaneous emission.
Modifier 2 Description

/prop Include diffraction propagation step (default).

/step Do not include diffraction propagation step.

Numerical Values Description Defaults
ipump Beam number of pump. 1

istokes Beam number of Stokes. 2

zstep Propagation length. 0.

rgain Gain coefficient.

RAMAN/TRANSIENT Transient Raman model. Laser gain
Command Forms(s): RAMAN/TRANSIENT

raman/transient/set ipump istokes gl g2 gamma iseed
raman/transient/step kbeam zstep tstep

raman/transient/reststate kbeam
raman/transient/info

Description: RAMAN/TRANSIENT

This command implements transient Raman theory including the finite response time of the medium
and spontaneous emission due to quantum fluctuations. The GLAD feature set isrequired. It isassumed that
alaser beam generates a Stokes beam by interaction with the medium through which it passes. A very high
power beam passing through the air will experience the effects of rotational Raman. Unlike some
applications such as a Raman amplifier, where the objective is to generate a high quality Stokes beam, in
the case of atmospheric propagation the Raman process is a parasitic effect. The Stokes beam grows form
spontaneous emission due to scattering of the laser beam from quantum fluctuations. Once, generated, the
Stokes beam, if the laser is of sufficient power, will be amplified by stimulated Raman effects. The
spontaneous emission grows linearly with distance but the stimulated Raman amplification is exponential
(until the pump becomes depleted) and quickly becomes the dominant force. The spontaneous emission
scattersin all directions but only the light which isin the forward direction gets significant amplification.
This leads to some increase in the spatial coherence of the Stokes beam but for strong laser beams the
generation of Stokes may occur at such short distances that even wide angles of the Stokes beam are
amplified.

The medium responds in finite time. For very short pulses, the Raman gain will be much less than the
steady-state Raman gain. The rotational Raman response time of the air at 0.351 microns is about 133
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picoseconds. Laser pulses which are comparable or shorter than this response time will see proportionally
smaller Raman gain. An arbitrary temporal waveform may be described by a series of time pulses of length
tstep. The medium is represented by an array which must have two polarization steps. A number of
medium arrays may be used along the laser beam path to represent the different states of the process. The
medium array contains information on the degree of excitation of the medium and a set of random phasors
which represent the response of the medium to quantum fluctuations. The medium array isinitialized to the
rest state with the command /reststate. The length of the medium array is represented by zstep.
Diffraction propagation of the laser pump and stokes beams must be done separately. See Ex79e.

Modifier 1 Description

/set Set the constants used in the calculation.

/step Take akinetics step through amedium array. Diffraction must be done separately.
See Ex79.

/reststate Establish the rest state of a medium array. The excitation of the medium will be
set to zero and arandom field of medium excitation due to quantum fluctuations.

/info List constants used in the calculations.

Numerical Values Description Defaults

ipump Beam number of pump. 1

istokes Beam number of Stokes. 2

zstep Propagation length. 0.

tstep Time elapsed between time steps.

gl Steady-state Raman gain coefficient. 0.

g2 Gain coefficient for spontaneous emission.

gamma Line width of Raman response in Hertz.

iseed Positive integer to set random seed.

kbeam Beam number of medium to be operated on (must have
two polarization states).

RAY Set global position and direction. Positioning

Command Forms(s): RAY

ray ibeams x y z rx ry rz

Description: RAY

Initializes the beam ray direction for global coordinates. Sets the global position and orientation.
Therotations are defined in terms of the Euler anglesa. = rx, B = ry, Y= rz,

1 0 0
Ry(@) = |0 coso —sinay » (192)
0 sno. cosa
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cosp 0 sinf
RB)=1] o 1 o | (193)
—-sinf 0 cosa.
cosy —siny 0
R,(Y) = |siny coso O] - (194)
0 0 1
The composite rotation of all three angles (in the order x, y, and z) is
cosycosfB cosycosPsino — sinycoso. cosysinfcoso. + sinysino,
R.yz = | sinycosp sinysinBsino + cosycosa. sinysinp coso, — cosysino. (195)
-sinf cosPsina cosp cosa.
Modifier 1 Description
/define Set the values for position and orientation.
/list List the global values, sameasglobal/list.
Numerical Values Description Defaults
ibeams Beam number (O to select all beams). 1 tonbeam
X,V, Z Global position coordinates. 0.,0.,0.
rX, Yy, rz Global Euler angles. 0.,0.,0.
READ Select device from which to read commands. I nput-output

Command Forms(s): READ
read/disk (Filename) /(norewind or rewind)

read/screen/(noclose or close)
read/back/(noclose or close)

read/info
read/continue
read/stack
read/popupmenu

Description. READ

Sets input unit. If read/disk is caled with a new file name, the file is rewound before reading. If
read/disk is caled a second time with the same file name, GLAD continues reading from the current
position in the file. The file may be closed by read/screen/close to enable thefile to be edited with
the system editor using the system command to temporarily exit from GLAD. A second read/disk
may called with a return to the previous level by read/back or read/screen to return to terminal
input.
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READ

READ

Theworking folder may be set through the Controls menu item in the I nteractive I nput Window of IDE.
A pathname may be set with set /path to define aprefix which is concatenated in front of the filename.

Modifier 1 Description

/screen Returns reading to screen terminating macro processing or reading from disk.

/back Returns reading to previous input device, either screen or batch input. When
reading from a second level of read/disk, returnsto first level.

/disk Reads from disk file Filename. May be issued from interactive mode or included
in adisk file. No more than two successive read/disk commands are allowed.

/info Givesread status, read levels, and active disk file names.

/continue Same asbreak/continue.

/stack List the files which are open for reading and macros.

/popupmenu Call adiaog box from the GLAD command linefor opening afile. Generaly itis
easier to use GladEdit.

Modifier 2 Description

/noclose Leavesfile open for later reading (default).

/close Closes existing open disk file. Useful for editing viasystem call. /close will

cause the file to be rewound if called a second time. Also see /rewind in the
parameter modifier table.

Character Sring

Description

Filename Name of input filefor /disk. If more than 20 characters or if special characters
areincluded, enclosein single quotes. Thefilenameis preceded by a path name if
one has been defined with set /path.

String/M odifier Description

/norewind Continues reading at current file position (default).

/rewind Rewinds file before reading. See /close above.

Example of reading with two levels

Files temp.inp calls macro “system” that calls templ.inp and temp2.inp using a macro and the variable
“pass’ to increment the file name. This could aso be done may making templ.inp and temp2.inp into

macros.

File: templ.inp

C Hello, from templ.inp

read/back/close

File: temp2.inp

C Hello, from temp2.inp

read/back/close

File: temp.inp

variable/dec/int pass

macro/def x1/o
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REAL2PHASE, REAL2WAVES RESCALE

pass = pass + 1 list
read/d temp@pass.inp
macro/end
pass = 0
macro/run x1/2

REAL2PHASE, REAL2WAVES Real part converted to phase. Operator
Command Forms(s): REAL2PHASE, REAL2WAVES

real2phase/one kbeam alpha

real2waves/one kbeam alpha

real2phase/two kbeaml kbeam2 alpha

real2waves/two kbeaml kbeam2 alpha

Description:. REAL2PHASE, REAL2WAVES

This commands converts a rea distribution into a phase screen. The complex amplitude distribution
may then be used withthemult /beam command to impose the phase distribution. Also see int2phase
and int2waves. The imaginary component, if it exists, is discarded.

Modifier 1 Description
real2phase/one a(x, y) = r(x y) + 0i — & *Y where r(x,y) isthe real distribution.
realawaves/one 5y vy = r(xy)+0i - €727V where r(x,y) isthe real distribution.
real2phase/two jory(xy) . o

a(xy) —e , Where ry(x,y) isthe real distribution of kbeam?2.
real2waves/two —j2mary(x,y) . o

a(xy)—e , Where r,(x,y) is the real distribution of kbeam2.
Numerical Values Description Defaults
kbeam Single beam number (/one). 1
kbeaml, kbeam?2 Beam numbers (/ two). 1,2
alpha Coefficient for converting real valuesto phaseinradians 0.

(real2phase) or wavelengths (real2waves).

RESCALE Rescale the beam distribution in the array. Operator
Command Forms(s): RESCALE
rescale/field kbeam xrad yrad [(parameter)] [(parameter)]
rescale/beam kbeam xscale yscale [(parameter)] [(parameter)]
rescale/units kbeam xunits yunits [(parameter)] [(parameter)]
rescale/scale kbeam xscale yscale [(Parameter)] [(parameter)]
rescale/shift kbeam xdec ydec [(parameter)] [(parameter)]
rescale/copy kbeami kbeamo xrad yrad decx decy

rescale/distort/azimuthal/ kbeam magnification azdeg
(rescale or constant)
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Command Forms(s): RESCALE (Continued)

rescale/distort/matrix/ kbeam mll ml2 m21 m22
(rescale or constant)

Description:. RESCALE

Thiscommand rescalesthe beam array. If /field isselected, thearray will be scaled to have field half
widths of xrad or yrad. If /beam is selected, the array is scaled so that the beam fills up the fractiona
field determined by radx and rady. If radx or rady is 0, the optimum units are selected based on equal
near- and far-field sizes.

Rescale/beam is very useful to refit the array size to avoid aliasing when propagating through a
strongly aberrating system where the beam would otherwise expand beyond the bounds of the array. This
command calls fitgeo to center the beam and to reset the beam parameters to the current values as well
asresizing the units to establish the desired filling of the array.

Modifier 1 Description

/field Use half width of field to specify rescale.

/beam Rescale to specified half width and use beam size as displayed by geodata to rescale
distribution to “optimum” size. Expand or contract optimum beam size by scale factors,
xscale andyscale.

/units Useunits to specify rescale.

/scale Use scale factor to specify rescale.

/shift Shift distribution using linear interpolation. Seealso, £itzern which usesan FFT based
method.

/copy Scale and copy kbeami to kbeamo with half-widths xrad and yrad and center at

xdec and ydec.
/distort  Apply nonuniform magnification changes.

Modifier 2 Description
/azimuthal Modifier for /distort to create abulgein an arbitrary direction.

] - seofs o
Y 01 y

/matrix Modifier for /distort to create uniform, bilateral, and bulge magnification.
X _ {mn m12:| @
Y] My My,

Modifier 3 Description

/rescale Modifier for /distort to alow rescaling of units for uniform magnification and
bilateral magnification distortion (default).

/constant Modifier for /distort to prohibit unitschange. All magnification and distortionis

incorporated by interpolation.
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Parameter Description

xonly Apply rescaling only in the x-direction. Default isboth x and y for beam array attribute
and x-direction only for radial and annular array attributes.

noxonly Specifies scaling in both directions for radial and annular array attributes. (default)

polar Convert Cartesian form of complex number (a + bi ) to amplitude and phase form
(aei ") beforeinterpolation. Produces best resultswhere the phase is smoothly varying
(default).

rect Do not convert to polar form. Interpolate amplitude valuesin Cartesian form (a + bi ).

May produce better results for discontinuous phase.

Numerical Values Description Defaults
kbeam Single beam number. 1
xrad, yrad Fieldradii (/field).
xrad, yrad Fraction that beam fills array (/beam). “optimum units’
xunits, yunits New units. 1.,1.
xscale, yscale Scale factor, expands or compresses array by specified 1.,1.
value.
xdec, ydec Decenter array by factor for /shift. 0., 0.
magnification Magnification for rescale/distort/azimuthal. 1.
azimuthal Azimuthal orientation for 0
rescale/distort/azimuthal.
mll,mi2,m21,m22 Magnificationfor rescale/distort/matrix. 1.,0,0, 1.
RESONATOR Set up and run resonators. Language
Command Forms(s): RESONATOR
resonator/name (Macro name)
resonator/eigen/test kl...kn
resonator/eigen/list
resonator/eigen/set beam xmode ymode
resonator/eigen/reset kbeam
resonator/eigen/off kl...kn
resonator/eigen/allow [gain] [plot] I[thermal] [udatal] [pause]
resonator/eigen/restrict [gain] [plot] [thermal] [udatal] I[pausel]

resonator/eigen/clear
resonator/run times [list]

Description:. RESONATOR

Resonator isacontroller which facilitates the analysis of resonators and periodic beam guides. The
resonator is defined in a macro and the macro name is specified by the resonator/name command.
resonator operates on the specified macro to calculate the paraxial properties, set appropriate initialization
parameters, and assure constant numerical processing for each pass. Any system may be described in the
macro.
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A preliminary analysis may be performed to calculate the paraxial eigenmode behavior with the
/eigen/test command. ABCD matricesfor the specified beams are initialized to the unit matrix by the
/eigen/test command. Only thecommandsdist,prop, lens , lensgroup ,mirror,axicon,
and abcd effect the ABCD calculation. Use /noadjust asthe second modifier on the c1ap command
to insure that the gaussian mode is not recalculated. If the resonator is stable, GLAD will calculate the
gaussian beam which is the lowest-loss eigenmode. This requires that the correct wavelength have been
specified before the resonator was run. If the resonator is unstable, the geometric eigenradii are displayed.
For every unstable resonator there are two phase radii which will be reproduced in around trip according to
paraxial theory. The eigenradius which has magnification greater than unity is the logical choice for a
starting wavefront to find the lowest-loss mode of the unstable resonator.

The command /eigen/set specifies the expanding or collapsing mode for unstable resonators.
GLAD uses the units which were current when /eigen/test was caled. Alternatively the parameter
res may be specified on the /eigen/set line to cause the units to be calculated when the gaussian
eigenmode is formed. The wavelength should have been correctly set before performing this analysis. For
a stable resonator, the complex amplitude of the beam is set to the paraxial eigenmode. For unstable
resonators, there is no preferred complex amplitude, only the phase radius is significant. GLAD does not
reset the complex amplitude distribution for the unstable resonator starting condition—only the radius of
curvature.

Normally the resonator command will reset the surrogate gaussian beam properties at the beginning
of each pass. /eigen/off may be used to turn off resetting the surrogate parameters at the start of each
pass.

The resonator/run command executes the macro the specified number of times. Execution of both
the macro and resonator/run may be terminated by the macro /exit command (if the last level
macro isreached), which may beplacedinan i £ command to test for convergence. resonator/run may
be interrupted with from Controls, on the Interactive Input Window. just as with macro /run. The
calculation will continue to the end of the current pass and stop.

Modifier 1 Description

/name Sets the macro name to the character string given by the parameter.

/eigen Controls eigenmode and eigenradii calculations.

/run Execute the macro.

Modifier 2 Description

/test Evaluate the eigenfunctions by ABCD analysis and store the units, divergence,

axial reference position, and surrogate gaussian waist size and phaseradius. These
values are compared with the current values at the start and end of each pass. The
surrogate gaussian mode should be an eigenmode of the system for the most
numerically stable calculation.

/list For /eigen/1list liststhe round-trip ABCD and eigenmode properties. Also
checks that the specified beams have their units, direction, and orientation
returned to theinitial conditions, asset by /eigen/test.

/set Specifiesthe expanding mode (1) or collapsing mode (2) for an unstabl e resonator
according to the beam sequence number used in /eigen/test.
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Modifier 2 Description (Continued)

/reset Reset to parameters from /set but without redefining the eigenmode
distribution. Useful to trim the various operating parameters so that they do not
drift.

/build Sameas /set

/off Turn off resetting of the specified beam at the start of each resonator pass.

/allow Allow one or more of the following commandsin the
resonator/eigen/test testing operation: gain, plot, thermal,
udata, and pause. These commands are restricted by default. Example:
resonator/eigen/allow plot udata

/restrict Restrict one or more of the following commandsin the
resonator/eigen/test testing operation: gain, plot, thermal,
udata, and pause. These commands are restricted by default.

/clear Clear resonator/eigen/test mode. Useful if thetest isinterrupted.

Numerical Values

Description Defaults

k1...kn

List of beams to be selected. A maximum of nine beamsis allowed.

beam

Position in the sequence of beams defined in following /eigen/test. 1

xmode, ymode

1, expanding mode for unstable resonator 1
2, collapsing made for unstable resonator. Ignored for stable resonator.

times

Number of timesto perform resonator/run.

Systen Variable Data

Description

resonator/(mod) Round-trip properties of macro operated with resonator. X-
mod = mag, ymag, radius, yradius, andy-vauesof magnification, phase radius, eigenwaist,
ewaist, yewaist, ezwaist, eigenwaist location, stability criterion for x and y, optical
yezwaist, stable, ystable, opl, path length in x and y direction for roundtrip, physical path
oply, ppl, roundtriptime, gouy, length in round trip, round trip time, and Gouy shift.
status status takestheinteger values: 0, not in resonator mode;

1, normal resonator mode; 3, first pass of resonator test; 4,
second pass of resonator test;

Example

macro/def reson/o

prop 45 # propagate 45 cm.
mirror/sph 0 -50 # mirror of 50 cm. radius

clap/c/n 0 .14 # .

14 cm. radius aperture

prop 45 # propagate 45 cm. along beam
mirror/sph 0 1.el5 # flat mirror

energy/norm 1 1 #
macro/end
wavelength 0 1.064
units 0 .005

renormalize energy

# set wavelength

resonator/name reson

resonator/eigen/test 1 # test resonator macro
resonator/eigen/set 1 # set beam 2 to eigen mode
clear 1 1 # start with a plane wave in beam 2
energy/norm 1 1 # normalize energy

reson/run 100 # run resonator 100 times
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See Example Ex13 for amore detailed example of the use of the resonator commands.

RMS Calculates wavefront rms. Diagnostics

Command Forms(s): RMS

rms/wavefront ibeams threshold

rms/irradiance ibeams threshold

Description: RMS
Calculates wavefront or irradiance RMS.

2
[J1ex yWx y)%dxdy (106 y)W(x, y)dxdy
wavefront RMS = - (196)
[10x y)dxdy [{10¢ y)dxdy
2
- [J1oxy)"axdy ([]1ox y)dxdy
irradiance RMS = - (297)
[ [ cxdy [[ dxdy
Modifier 1 Description
/wavefront Calculate rms of wavefront (default).
/irradiance Calculate rms of irradiance.
Numerical Values Description Defaults
ibeams Beam number (O to select all beams). 1 tonbeam
threshold Ignore points with irradiance lower than thisrelative 0.
threshold value.
System Variable Data Description
rms Rms wavefront error of beam, same as variance. Computed by variance.
ROD Calculates effect of circular walls. Component

Command Forms(s): ROD

rod kbeam radius phase

Description:. ROD

Calculate propagation in a cylindrical rod treating the cylindrical walls as perfectly reflecting. The
method uses the method of images to construct an image of the region interior to radius. This gives the
nearest neighbor. Higher order images may be created by using the rod command more than once and
doubling the radius for each call after the first.
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Numerical Values Description Defaults

kbeam Single beam number. 1

radius Radius of the cylinder.

phase Phase of reflected light (degrees). 180

ROOF Roof prism. Component
Command Forms(s): ROOF

roof /ns/(modifier 2) kbeam

roof /ew/(modifier 2) kbeam

roof /nesw/(modifier 2) kbeam

roof /nwse/(modifier 2) kbeam

Description:. ROOF
This command implements a roof mirror system. The modifiers ns, ew, nesw, and nwse give the
direction of the roof axis.

Modifier 1 Description

/ns Roof edge runs from (0.,1.) to (0.,-1.).

/ew Roof edge runs from (-1,0.) to (1.,0.).

/nesw Roof edge runs from (1.,1.) to (-1.,-1).

/nwse Roof edge runs from (-1.,1.) to (1.,-1.).

Modifier 2 Description

/global Actsas globa mirror and must be used with other mirror/global and
lensgroup (default).

/nonglobal Acts as paraxial mirror and should be combined withmirror and 1ens
commands—not with global commands.

Numerical Values Description Defaults

kbeam Single beam number. 1

ROTATE Rotate distribution in the array. Operator

Command Forms(s): ROTATE
rotate kbeam theta xdec ydec [(polar or rect)]

Description: ROTATE

This command rotates the distribution in pixel by pixel fashion by the angle theta around the axis of
propagation. Positive rotation is counterclockwise. The rotation is about the coordinate (xdec, ydec).
Rotation of large arraysis slow, because of the need to swap memory blocks.
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Parameter Description
polar Convert Cartesian form of complex number (a + bi ) to amplitude and phaseform

(ae'") before interpolation. Produces best results where the phase is smoothly
varying (default).

rect Do not convert to polar form. Interpolate amplitude valuesin Cartesian form
(a+ bi). May produce better results for discontinuous phase.

Numerical Values Description Defaults

kbeam Single beam number. 1

theta Rotation angle in degrees (counterclockwise). 0

(xdec, ydec) Pivot point for rotation. (0.,0)
SAMPLING Check for adequate sampling and aliasing. Diagnostics

Command Forms(s): SAMPLING

sampling/list kbeam
sampling/control/list kbeam

sampling/control/on  kbeam xlimit ylimit
sampling/control/off kbeam

Description:. SAMPLING

This command checks the relative power at the Nyqyist limiting frequency. Relative powers below
about 1x107° generaly indixate aliasing is low. Relative powers above about 1x10°° generaly indicate
aliasing is significant.

Modifier 1 Description
/list List relative power at Nyqyist frequency in x- and y-directions.
/control Control sampling checking.
Modifier 2 Description
control/list List ssmpling control status.
control/on Turn sampling error checking on for specified beam.
control/off Turn sampling error checking off for specified beam.
Numerical Values Description Defaults
kbeam Single beam number. 1
xlimit Maximum relative power at Nyquist frequency in x-
direction.
ylimit Maximum relative power at Nyquist frequency iny- xlimit
direction.
Systen Variable Data Description
sampling/x Relative power at Nyquist frequency in x-direction (default).
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Systen Variable Data Description (Continued)
sampling/y Relative power at Nyquist frequency in y-direction.

SERVER Controlsand lists server mode status. Language

Command Forms(s): SERVER

server/start

server/end
server/list

Description: SERVER
Controls and displays the status of server mode. For AOR use.

Modifier 1 Description

/start Start server mode.

/end End server mode.

/list List status of server mode.

SET Set various system values. Begin-end
Command Forms(s): SET

set/color

set /monochrome

set/density xdensity ydensity

set/frame/ (onoroff)
set/label/ (list, on, off)

set/grid xmajor xminor ymajor yminor
set/maxopen maxopen

set/window/all

set/window/center-width xrad yrad xdec ydec
set/window/relative Xmin xmax ymin ymax
set/window/absolute xmin xmax ymin ymax
set/window/list

set/ctlc _abort/(list, on, off)

set/negedge/ (list, on, off)

set/plot number number

set/camera elevation azimuth distance
set/demobell/ (1list, on, off)

set/map color/ (list, set,choices) beam no plot color no
set/cpu ncpu
set/singlestep/ (list, on, off)
set/plot slice list(list,on, off)
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Command Forms(s):  SET (Continued)

set/section

kbeam section

set/traceback/ (1list, on, off)

set/folder
set/random

(foldername)
type

set/negativeprop/ (list, on, off)

set/numberofcolors
set/decphase/ (on, off)
set/strict/ (on, off)

number

set/alias stop/ (list, on, off)
set/highlight/ (list, on,off)
set/keep log/ (list, on,off)

set/gladdiagnosticlog/

(list, on, off)

set/definitions/ (list, on, off)

set/cursor track/(list,on, off)

set/maclib/ (hide, show)

set/prescan/ (list, on, off)

Description: SET

Selects parameters for various functions.

Modifier 1 Description

/color Use color in plots.

/monochrome Use no color in plots. Also see set /numberofcolors.
/density Sets the density of plot lines.

/frame/ (on or off)

Sets frame of plots on (default) or off.

/label/ (onoroff)

Sets labels of plots on (default) or off.

/grid Set major and minor tick marks for plot /udata.

/window Sets the plotting window for plot /isometric,
plot/orthographic,plot/elliptical,plot/vector, and
plot/contour.

/windows/list List plotting window status.

/window/all Resets plotting window to entire data field.

/window/center-width

Sets plotting window by x- and y-halfwidths and center position (default).

/window/relelative

Sets plotting window. Limits expressed as a percent of total field. 0% at
right and bottom to 100% at |eft or top.

/window/absolute

Sets plotting window. Limits expressed in user coordinates.

/window/orthographic

Toggles orthographic mode on or off.

/ctlc _abort

Sets abort on double strike of Ctl-Brks on or off.

/negedge

Allows negative edge thicknesses (on) or not (off).

/plot number

Sets the plot number.
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Modifier 1 Description (Continued)

/camera Set camera parametersfor plot/bitmap/./ (wireiso,
paintiso, Or contpaintiso).

/socketdelay Sets delay to prevent GLAD from writing data too rapidly to the TCP/IP
socket when connected to the IDE.

/demobell In demonstration mode.

/map_color Display or change mapping of colorsto beam numbers.

/cpu For the 64 bit version of GLAD, the number of CPU’swill automatically
be set to the maximum number of processorsavailablefrom 1, 2, 4, 8, and
16 processors (powers of 2). For the 32 bit version use command
set/cpu 2 touse 2 processors (if available) to increase speed from
30% to 40% for large arrays.

/singlestep Pause before all non-interactive commands for debugging. Also see Glad

Editor menu item SingleStep.

/plot slice list

Causesdatafromplot/xslice andplot/yslice to beoutput.
May be written to an output fileusingwrite /disk fname.
set/plot _slice list/on

write/disk/on xxx.txt/over

plot/x/1i 1

write/disk/off/close

set/plot slice list/off

/section Set x-y section of 3D array. So regular 2D operations may be conducted
on that section.
/traceback Turn traceback window on or off.

/folder/(list, string,
popupmenu)

List or specify working folder from command line. Current folder islisted
on the IDE title. Specifying astring will cause the current directory to
change for GLAD, IDE, and Watch. Popupmenu initiates a dialog box
for selection of the current folder.

/random

Sets random number generator routine by type.

/negativeprop

Allows propagation in negative direction to reach avertex placed behind
the current global position of the beam. Negative propagation is not
recommended as it constitutes a nonphysical effect and apertures and
some other components will not be correctly modeled. Many ray trace
codes allow negative propagation so this featureis provided for
compatibility.

/numberofcolors

Set the number of colorsto 1, 6, or 13 for plot/1iso, and other non-
bitmap style plots. Computer display must be set to at least 256 colorsfor
13 color representation to work properly.

/decphase

Set on (default) or off phase decoding to remove 2r breaksin plots.

/strict

Variables must be formally declared in variables /declare
statement.

/alias_stop

Stop if aberration being entered is aliased due to more than &t phase
change per pixel. Implemented for /abr/ast, /abr/focus, and
/abr/tilt. Also, see sampling that checks current complex
amplitude distribution.
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Modifier 1 Description (Continued)

/highlight Not activein Ver. 5.2. Turn text lighting in GladEdit on or off. The
TraceBack window must be active to see highlighting. The command line
currently being processed is highlighted to display program activity.

keep log If keep log isset, diagnostic information will be written to glad.log.
Primarily for AOR use.

gladdiagnosticlog If gladdiagnosticlogisset, keep log will always be set and
diagnostic information will bewrittento glad.log. Primarily for AOR use.

/definitions Set listing on or off of definitions of terms in the output tables.

/cursor_ track

Turn cursor tracking on or off. When on cursor follows the highlighting
so that the highlighted text is always visible. This mode is considerably
slower than the default of (off).

/maclib set/maclib/show makesthe macro library window visible.

/prescan Control prescan. When prescanis“on” the whole command fileis
checked for macro definitions and some errors before execution begins.

Modifier 2 Description

/on Activates feature.

Joff Deactivates feature.

/list List current values.

/choices List choices of color numbersfor set /map color.

/map_color

Set color numbers (color no) with beam numbers () for set/map color.

/string String for set /folder.

/popupmenu Create dialog box for selection of current folder for GLAD, IDE and Watch.
/show Show macro library window.

/hide Hide the macro library window.

Numerical Values Description Defaults
xdensity The number of points to plot in the X-direction. 21

ydensity The number of pointsto plot in the Y-direction. xdensity

xmin, xmax, ymin,
ymax

Plot field for /window/abs or /window/rel.

xrad, yrad, xdec,
ydec

Plot field for /window/center-width.

xmajor, xminor,
ymajor, yminor

Number of major and minor grid elementsfor horizontal and 4, 5, 5, 5
vertical axesof plot/xslice,plot/yslice and
plot/udata.

maxopen Maximum number of 10 units allowed. Do not change.

elevation, Camera elevation angle, azimuth angle and distance for

azimuth, distance plot/bitmap /./(wireiso, paintiso,or
contpaintiso).

milliseconds Delay between writes to TCP/IP socket in milliseconds. 100

number Plot number.

beam no plot

Beam number for set /map color.
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Numerical Values Description (Continued) Defaults

color no Set color number associated with beam number for
set/map_color.

ncpu Number of CPU'sfor /set /cpu. For GLAD 32 bit the

maxium number is 2. For GLAD 64 up to 16 CPU’s may be
used but due to thread overhead the fastest speed is usually
found with 4 to 6 CPU’s.

section Number of x-y section to be selected in 3D array.

type Random number type for set /random. Select 0, 1, 0r2 2
for different random number generators. Type 2 is default

and preduces good results although other types are
somewhat faster.

SFG Sum frequency gener ation. Laser gain

Command Forms(s): SFG
sfg zstep chi2 nstep deltak [(pattern)] [1ist]

Description: SFG

This command implements sum frequency generation following the development in Sect. 9.10, GLAD
Theory Manual (theory.pdf). Two beams of optical frequencies m, and w, are mixed in acrystal to creste a
beam of w5 such that w; + ®, = w;. For example beams of 1.06 micron and 10.6 micron wavelength may
be mixed to create a beam of 0.963636 micron wavelength, asillustrated in Ex107. The beams to be used
are defined by pack/set.

Sring Description

pattern The pattern consists of three letters, the letters being either “o” or “e”, where “o” or
“e” indicates o- or e-ray polarization to be used for the pump, signal, or idler beams
respectively. For example “oeo” indicates ordinary ray (x-polarization) for pump,
extraordinary ray (y-polarization for signal), and ordinary ray (x-polarization) for idler

beams.
Par ameter Description
list List overall parameters and center point properties.
Numerical Values Description Defaults
zstep Step length. 0.
chi2 x(z) , second order nonlinear coefficient. See Sect. 9.10, GLAD Theory 0.
Manual (theory.pdf).
nstep No longer used. Always set to 1. 50
deltak Ak to treat any mismatch of the frequency of Beam 3 in the case where 0.

Beam 3isinjected with finite magnitude. Normally thistermiszero. The
detuning effect of wavefront slope errors (due to aberration) on Ak are
handled by using multiple diffraction steps asillustrated in Ex107.
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SFOCUS Self-focusing. Laser gain

Command Forms(s): SFOCUS

sfocus/one kbeam alpha =z
sfocus/two kbeaml kbeam2 alpha z

Description: SFOCUS
This command does self focusing. The GLAD feature set is required. It adds an intensity-dependent
phase of the form

\one
jZTnalphazl
a— ae (198)
\two
j2—ﬂ:r=11p1'1az|2
a; — a.e (199)

wherefor /one, I isthe intensity of Beam 1 and « is the complex amplitude. For /two, a, isthe complex
amplitude of Beam 1, and I, is theintensity of Beam 2. Also see int2phase and int2waves.

Modifier 1 Description

/one Self-focusing due to intensity of single beam.

/two Sdf-focusing due to intensify of a second beam. Allows, time integration.
Numerical Values Description Defaults
kbeam Single beam number. 1

kbeaml, kbeam?2 Phase of Beam 1 due to intensity of Beam 2. 1,2

alpha Self-focusing coefficient cm?/wat. 0.

zZ Propagation distance (cm). 0.

Example of self focusing

Consider the case of propagation of a beam through an optical path with axial flow of air. The thermal
blooming theory assumes transverse flow so it may not be applied to this problem directly.

Theindex of refraction varies with temperature rise AT

An = —79x10°E AT (200)
T

where P isin millibars and T isin degrees Kelvin. The equation may also be written
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An = —(n, 1)T£I'ATT
re

(201)
where P, istherelative atmospheric pressure and T, is the relative temperature with respect to standard
temperature and pressure (STP) and n, isthe index of refraction at 10.6 u and STP, n, = 1.00027x10°°
The temperature rise is a function of the time the air has been irradiated, which in the case of axial flow of
the air isrelated to the position z along the axis

oz
AT = Vpcl(x, y) (202)

where
(%, y) istheintensity at point (X, y) [J/sec/mz]
z isthe position [m]
o is the attenuation constant [m ™!
p isthe density [kg/m?]
C isthe absolute specific heat [ Jkg/deg]
visthevelocity of theair in the axial flow [m/sec]
The mean temperatureriseis

AT _ Smax 203
< (Z)> - 2pCV1 ( )

assuming the irradiance is not significantly depleted by the atmospheric absorption. The phase change as a
function of thetotal pathis

_ 2nm ;eIA_T
q) - = 7\’ (nO )T T (204)

The coefficient for self-focusing with the sfocus command is

_ reIAT rel 10CZmax reI 10 Zay
alpha = —(ng— ) T T = —(Ny— )_I_reI T2pCv m/w = —(ny— 1)ﬂ'_l'2pc 100 cm/w  (205)
ng index of refraction at STP
Prel relative pressure
Trel relative temperature with respect to 288°K
AT temperature rise due to absorption
T temperature of the atmosphere
Zmax Propagation length
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Table. 22. Physical and optical constants for air.

SINC

incremental index of refraction (10.6 W) 2.74x10
density [kg/m”] 1.226
conductivity [w/mK] 0.02525
specific heat [ JkgK] 1017

SHIFT

Shift distribution in the array.

Operator

Command Forms(s): SHIFT

shift/polar kbeam deltar azdeg
shift/cartesian kbeam xdec ydec

Description: SHIFT

This command shifts the distribution laterally by amount deltar in the direction defined by the
clockwise polar angle azdeg. The shift is done by Fourier transform methods so the movement is
continuous and wraps around. Large shifts will cause the distribution to reappear on the other side of the
array. Seealso rescale /shift which shifts by linear interpolation and does not wrap.

Modifier 1 Description

/polar Polar coordinates used for shift (default).

/cartesian Cartesian coordinates used for shift.

Numerical Values Description Defaults

kbeam Single beam number. 1

deltar Magnitude of shift for /polar. 0.

azdeg Polar angle defining direction of shift. (clockwisefrom 0.
vertical) for /polar.

xdec, ydec Cartesian coordinates of shift for /cartesian. 0.,0.

SINC Define sinc function. Begin-end
Command Forms(s): SINC
sinc kbeam peak widthx widthy xdec ydec
Description: SINC
Defines a sinc function.
i) iy
sin| — sin| —
. . widthx widthy
amplitude, sinc(x,y) = (206)

TTX Ty
widthx widthy
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Numerical Values Description Defaults

kbeam Single beam number (/one). 1

peak Peak intensity value.

widthx Width of first zero, x-direction.

widthy Width of first zero, y-direction.

xdec Decenter in x-direction. 0

ydec Decenter in y-direction. 0

SLAB Various commands for waveguide slabs. Component

Command Forms(s): SLAB

slab/hoe/(cir or sqr) clx xdec ydec zdec

slab/hoe/(ell or rec) clx cly xdec ydec zdec

slab/hoe/ecoef kte

slab/hoe/mcoef ktm zktm

slab/out/(nodist ordist) gbeam rbeam

slab/in/(nodist or dist) rbeaml rbeam2 gbeam

slab/list

slab/pump/gaussian/(modifier 3) kout peak w0 lambda absorption m2 decenter
reflectance

slab/pump/coherent kin kout absorption reflectance

slab/waveguide kstart kindex kresult

slab/eigenmode/index/(te Or tm) kbeam halfheight film substrate cladding
order

slab/eigenmode/mode/(te or tm) kbeam halfheight film substrate cladding
order

slab/normal kbeaml kbeam?2

Description: SLAB

Slab is the general command for waveguide coupling. The GLAD feature set is required. A one
dimensional array may be defined using the array command. For example,

array/set 1 128 1

defines Beam 1 to have awidth of 128 elementsin the x-direction and 1 element in the y-direction. The one
dimensional beam may be operated upon and evaluated as with other beams. The units in the y-direction
may be set to any desired value. The value affectsthe cal culation of energy and other parametersthat depend
on the area associated with each matrix element.

The s1ab command defines the focus position of athe radiated mode resulting from diffraction of the
guided mode by a focusing grating coupler. The slab/hoe command defines the location of the focus
point of the grating, the aperture of the grating, and the coupling coefficient and its functional form.
slab/out propagates an incident guided mode gbeam underneath the grating and creates a radiation
mode rbeam. Slab/in takes an incident radiation field rbeam1 and multiplies it by the normalized
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mode rbeam? to create the guided mode gbeam. The guided mode rbeam2 should be formed by creating
aradiation mode with slab/out from aunit amplitude guided beam.

Slab/pump alowsmodeling of side pumping of aslab or gain sheet. Figure 27 shows a side pumping
configuration. Side pumping may treated coherently using any starting 1D distribution or incoherently using
agaussian distribution.

side illumination

A

illuminated slab volume

Fig. 27. A 1D beam (assumed to vary in x and be constant in y) is used to side pump a slab or again sheet. The pixel
spacings for the x-direction should match, Ax, = Ax, . Theincident beam is propagated along the y-direction using
steps of Ay, . Theincident beam I(x) has units of irradiance [W/Cfﬂz] . The absorbtion factor o resultsin a deposited
energy density of U(x,y) with units [w/cm?]. U(x, y) = al(X) .

Modifier 1 Description

/hoe Specifies properties of the grating.

/out Outcoupler.

/in Incoupler.

/list Display properties.

/eigenmode Calculate effective index or eigenmode shape for slab waveguide.
/pump Model side pumping of aslab or gain sheet.
/waveguide Implement 2D waveguide model.

/normal Normalize kbeam1 taking into account units of kbeam?2.
Modifier 2 Description

/cir Circular aperture.

/sqr Square aperture.

/ell Elliptical aperture.

/rec Rectangular aperture.

/ecoef Set coupling coefficient for TE.

/mcoef Set coupling coefficientsfor TM.

/dist Use diffraction propagation.

/nodist Ignore diffraction (default).

/index Calculate effective index for /eigenmode.

/mode Calculate eigenmode shape for /eigenmode.
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Modifier 2 Description (Continued)

/gaussian Pump a 2D array (kout) with an incoherent gaussian into kout to create an energy
density distribution. See Fig. 27. The gaussian beam is calculated from the values of
the command line including an M 2 factor to increase the divergence.

/coherent Pump a 2D array (kout) with a1D beam from the side. Input beam isaline sourcein
the x-direction and isassumed to be of infinite width in they-direction. Theinput beam
has dimensions of w/cm?. The output has units of energy density, w/cm?. See Fig. 27.

Modifier 3 Description

/te Calculate for TE mode.

/sqr Calculate for TM.

/top, /bottom, /slab/pump from respective direction.

/left, /right

Numerical Values Description Defaults

gbeam Guided beam (one dimensional). 1

rbeam Radiated beam (two dimensional). 2

rbeaml Incident radiated beam (two dimensional).

rbeam2 Normalized radiated mode (two dimensional).

c0, clx, cly, c2 Loss per centimeter of grating
Coef = cO + clxeX+clysy+c2 .(x2 + y2)

clx, cly Clear aperture dimensions of grating.

decenter Decenter of gaussian for slab/pump/gaussianin 0.
positive x- or y-direction.

xdec X-coordinate of focus slab/hoe. 0.

ydec Y-coordinate of focus. 0.

zdec Z-coordinate of focus. 1

kstart Beam to be propagated with s1ab/waveguide. 1

kte Coupling coefficient for TE.

ktm, zktm Coupling coefficients for TM: transverse and Ez
component.

kindex Array of index distribution at each step through the 2
waveguide medium for slab/waveguide.

kresult Result of the calculation for slab/waveguide. 3

kbeam Single beam number. 1

halfheight Half height of film layer for dab for /eigenmode.

film Index of filmfor /eigenmode.

substrate Index of substrate for /eigenmode.

cladding Index for cladding (top layer) for /eigenmode.

order Order of mode for /eigenmode.

kin Input 1D beam (N x 1) for slab/pump/coherent.

Kin isaline source I(x) varying in the x-direction and
assumed to be constant in the y-direction with units of
wicm?.
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Numerical Values Description (Continued) Defaults
kout Output 2D beam for slab/pump. Kout is the
output energy density in terms of
w/cm’.
absorption Absorption coefficient [cm™] for s1ab/pump. 0.
reflectance Rear wall reflection reflection coefficient for
slab/pump. If non-zero, part of the beam is reflected
backward.
peak Peak of the gaussian beam for s1lab/pump
/gaussian.
w0 Gaussian radiusfor slab/pump/gaussian.
lambda Wavelength of the pumping light in microns.
m2 M-sguared value. m2 > 1 causes the pump beam to
diverge more rapidly.
SNOISE Spontaneous emission noisefor RRAMAN (obsolete) Laser gain

Command Forms(s): SNOISE

snoise zstep ipump istokes rchi ichi wmole press temp

Description: SNOISE
Applies spontaneous emission. The GLAD feature set is required. Must be preceded with pakfld
command. Not complete.

Numerical Values Description Defaults
zstep Distance.

ipump Beam number of pump beam.

istoke Beam number of Stoke's beam.

rchi Real component of Chi.

ichi Imaginary component of Chi.

wmole Molecular weight of medium.

press Ambient pressure (Torr).

temp Ambient temperature (K).

SPIN Expand diagonal into rotationally symmetric function. Operator

Command Forms(s): SPIN

spin kbeam real imaginary

Description: SPIN

Rotates the center row to generate a rotationally symmetric function. Real and imaginary define the
complex fill values to pad the parts of the square array outside the circular region. A circular array may be
generated, taking advantage of the faster calculation times of an N x 1 array and then copy /row used to
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transfer the circular array to the center row of a square array. spin will then complete the generation of the
rotational distribution in the square array. See Example Ex96.

Numerical Values Description Defaults
kbeam Single beam number. 1
real, imaginary  Complex amplitude values used to pad outer regionsof 0., 0.
square array.
SPLIT Divide apertureinto complementary parts. Operator

Command Forms(s): SPLIT

split/transmission input transmission output
split/beam input mask output
split/cir/(modifier 2) ibeams r0 sgxp decx decy

split/sqr/(modifier 2) ibeams r0 sgxp decx decy
split/ell/(modifier 2) ibeams rOx r0y sgxp decx decy
split/rec/(modifier 2) ibeams r0x r0y sgxp sgyp decx decy

Description: SPLIT

Split/beam applies a transmission factor with output (optionally) taking the residual values.
spit/beam simulates a beam splitter where the splitting is specified by the irradiance values of mask.

Split/cir, sqr, ell, or rec splits the complex amplitude of the aperture into exactly
complementary parts to make a “soft” aperture based on a gaussian function. The two parts can be
coherently added to exactly reproducethe original function. If the second modifier is /out the outer portion
of the aperture is retained. /in keeps the inner part of the beam. The command is very similar to the
gaussian command. The complex amplitude transmission factors are given below.

Modifier 1 Description

/transmission Apply multiplicative transmission factor.

/beam Beam splitter with the splitting determined by the masking function.
/cir Circular distribution.

/sqr Square distribution.

/ell Elliptical distribution.

/rec Rectangular distribution.

Modifier 2 Description

/inner Inner part of beam is kept.

/outer Outer part of beam is kept.

Numerical Values Description Defaults
ibeams Beam number (0 to select all beams). 1 tonbeam
r0 1/e amplitude radius or half-width. 1.

rox, rOy 1/e amplitude radiusin x- and y-direction. 1., rox
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Numerical Values Description (Continued) Defaults
SgxXp, Sgyp Gaussian/supergaussian exponent in x- and y-direction. 1., sgxp
decx, decy Coordinates of beam center. 0., 0.
input Input beam for split/beam.
mask Transmission function for split/beam.
transmission Transmission for beam splitter function. 0.
output Output beamfor split/transmissionor split/beam.

If no output beam is specified, only input beam is modified.

SSD Calculate spectral dispersion dueto EO modulation. Component

Command Forms(s): SSD

ssd kbeam delta omegam alpha time

Description: SSD
Calculates a pupil modifier of the form.

jdsin(ot+ox)

a(x y) = a(x ye (207)

for spatial spectral dispersion (SSD).

Numerical Values Description Defaults

kbeam Single beam number. 1

delta Dispersion, o.

omegam Modulation frequency, o,

alpha Spatial variation coefficient, o.

time Time.

STATION MarksHTML output with station number. Language
Command Forms(s): STATION

station/set station number

station/list

Description: STATION
Write a station number to the output. Useful for making an HTML hypertext link.

Modifier 1 Description
/set Increments or sets station number (default).
/list List station settings.
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Numerical Values Description Defaults

number Explicitly sets the station number. If no number is given, the increment by 1
number will be incremented by 1 and displayed,

STATUS Gives statusinformation on the beam(s). Diagnostics

Command Forms(s): STATUS

status/global
status/parax

status/gaussian

Description: STATUS
Prints summary information on the beams.

Modifier 1 Description

/9lobal Displays global position vector and orientation matrix for each beam (default).
/parax Displays paraxial datafor beams.

/gaussian Displays surrogate gaussian beam data.

status/global TableValues Description

beam center xg, yg, zg Glabal coordinates of beam center.

xb, yb Approximate measure of beam size. See fitgeo for more precise
measures.

direction cosines xg, yg, zg Global direction cosines of the beam direction of propagation.

phase bias radius radx, rady Radius of reference beam.

parity Right or left hand parity of the beam. Parity isflipped at each mirror
reflection.

status/global TableValues Description

beam center xg, yg, zg Glabal coordinates of beam center.

xb, yb Approximate measure of beam size. See fitgeo for more precise
measures.

direction cosines xg, yg, zg Glabal direction cosines of the beam direction of propagation.

phase bias radius radx, rady Radius of reference beam.

parity Right or left hand parity of the beam. Parity isflipped at each mirror
reflection.

status/parax Table Values Description

beam center (X, y) Paraxial beam center.

beam radius (X, y Approximate measure of beam size. See fitgeo for more precise
measures.

field size (x,y) Half-width of array.

zreff L ocation of the beam on the paraxial system axis.

direction Positive or negative.
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status/parax Table Values Description (Continued)

Zwaistx, zwaisty L ocation of the surrogate gaussian beam.
ip X, ipy 1if beam is referenced to a plane wave.
attrib Type of array. Seethe array command for definitions.

status/gauss Table Values Description

waist radius xwaist, ywaist Transverse radius of surrogate gaussian beam.
gaussian phase radius xprad, yprad Phaser radius of surrogate gaussian beam.
ppl to waist xrdist, yrdist Physical path length (PPL) to from current beam position to the

surrogate gaussian waist position.

STREHL Calculates Srehl ratio. Diagnostics

Command Forms(s): STREHL

strehl ibeams

Description: STREHL
Prints Strehl ratio and weighted rms wavefront error (more precisely the standard deviation of the
wavefront) for specified beam(s).

2
SR = ‘Za(—x,y)‘z (208)
> latx y)l)
RMS = —%3;2 (209)
T

where a(x,y) is the complex amplitude.

Note that all phase errors contribute to reduction of Strehl ratio. Use £itphase to removetilt and/or
defocus if desired. Note that some laser modes, the Airy pattern, and many other beams contain phase
discontinuities as part of their optimal form. Strehl ratio will not give meaningful results when applied to
such beams.

Numerical Values Description Defaults
ibeams Beam number (0 to select all beams). 1 tonbeam

Systen Variable Data Description
strehl Strehl ratio of ibeams.
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SURFACE All propagating beams move to global position. Positioning

Command Forms(s): SURFACE

surface/store ksurf

surface/define ksurf xdec ydec zdec xrot yrot zrot
surface/list

Description. SURFACE

GLAD hasthe capahility to define vertex rotations about a point displaced from the vertex origin. It is
frequently convenient to rotate about the point at which the chief ray intercepts amirror to study the effects
of misalignment. The command surface is used to store the surface intercept position and surface
coordinate matrix in a table for subsequent access. This allows the user to specify the surface rotation
characteristics at one chief ray intercept point and then to use the same information when beams strike the
surface at a later point in the beam. The command, mirror/global, caculates the surface data. The
parameter, infoonly, may bespecifiedwithmirror/global if thecommand isnot to beimplemented
at that time. The command, surface/store, stores the data in a table with a user determined surface
number. The command, surface/11ist, displaysthe table of information.

Thesurfaceinformation may be used by thevertex/rotate command by specifying the parameter,
surface, and the surface number.

Modifier 1 Description

/store Stores current mirror/global information in surface table.
/define Store listed global information.

/list Displays surface table information.

Numerical Values Description Defaults
ksurf Surface number (up to 20 surfaces may be defined.

xdec, ydec, zdec Location of surface.

xrot, yrot, zrot  Euler angles of surface rotation (degrees).

Example

mirror/global/conic infoonly 20. (Global conic mirror sets data.)
surface/store 1 (Store datafor Surface #1.)
surface/list (List surface data.)
vertex/rotate/relative surface 1 0 5 (Rotation about surface intercept.)
mirror/global/conic 20. (Rotated global conic mirror.)
SYSTEM Call system operationsoutside GLAD. Language
Command Forms(s): SYSTEM

system/copyfile ‘(sourcefile)’ ‘(destination file)’
system/execute/nowait orwait ‘executable file arguments
system/launch ‘document file
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Description: SYSTEM

Calls certain operating system functions. Also see the command manual that is specifically designed
for opening and controlling Adobe PDF documents.

Modifier 1 Description

/copyfile Copy (sourcefile) to (destination file). Variables may be included in file names.
Full path descriptions may be used. File names having internal blanks should be
included in single quotes. Example:
variable/dec/int i1

i1 = 3
system/copy X.inp x@il.inp

/execute Executes a program. May include full path. Single quotes are needed. Example:
system/execute/nowait ‘watch.exe plot2.plt’

/launch Launch (or open) adocument such asa*.PDF or *.DOC. The file extension must

be associated with an application on users system. Example:
system/launch ‘commands.pdf’

Modifier 2 Description

/nowait GLAD starts executable file and continues (default).

/execute GLAD waits for executable file to be closed.

TABLE Reads a table of user-defined values. Language
Command Forms(s): TABLE

table/name (file name)

table/read cl c2 ¢c3 c4 ¢c5 c6 ¢c7 c8 ¢9

table/skip nskip

table/close

Description: TABLE

This command alows numerical data to be read from a user-build file. The command table/name
definesthe file name containing the table of data. The command table/read inputstable values, defined
by column numbers, into variables or register addresses, determined by the values associated with each
column number. Records may be skipped with table/skip.

The data file should consists of columns of numeric data. The columns are delimited by one or more
blanks or acomaand any number of blanks. A maximum of 9 columns may be used. See the exampl e bel ow.
If azero isentered for one of the register addresses, the associated table value is not stored anywhere.

Modifier 1 Description

/name Identifies the name of thefile to be read and rewinds file.
/read Read a data record.

/skip Skip one or more records.

/close Close the tablefile, so that it may be changed by atext editor.
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Numerical Values Description Defaults
cl,c2,c3,c4,c5,c6, Variables or register addresses where the table values areto be 0
c7,c8, c9 stored.

nskip Number of records to be skipped. 1

Example data file, table.dat:

1,2,3,4,5,6,7,8,9

10 11 12 13, 14, 15,16,17,18

19 20 21 22 23 24 25 26 27

28 29 , 30, 31, 32, 33, 34 35 36

Example command deck:

c
c define table file name, file is always rewound

c

table/name table.dat

c

c read in nine column values, into matching register numbers
c

declare/real tl t2 t3 t4 t5 t6 t7 t8 t9

table/read tl1 t2 t3 t4 t5 t6 t7 t8 t9

c

c display the 9 values

variables

pause

c

c read in 9 more values into reverse register order
c

table/read t9 t8 t7 té t5 t4 t3 t2 tl

variables

pause

c

c skip a table record

c

table/skip 1

c

¢ read column 8 into t1l

c

table/read c8=tl

tl=

TARGET Controlstarget movement for BLOOM command. Aberration

Command Forms(s): TARGET

target/set xvelocity yvelocity range

target/list

Description:. TARGET

This routine establishes necessary values for target velocity and range for the thermal blooming
routines. The GLAD feature set isrequired. The beam crossing velocity is determined by the target motion,
the wind velocity, the target range, and the current range (or slant range). It is assumed that the beam is
tracking the target so that the crossing velocity of the beam over the atmosphereis:
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dant

thot - waind " target range (210
vV, =V, -V Slant (211)
Yiot Ywind yta’get range

Voo Wi net beam crossing velocity components

O (0]

Virg Woing M nd velocity components

dant current distance of beam from starting point
range range of target

See bloom/set for more information on defining the thermal blooming parameters. The default
modifier islist which lists the current values of the target.

Modifier 1 Description

/set Set parameters.

/list List current values.

Numerical Values Description Defaults
xvelocity, yvelocity Velocity components (m/sec). 0.,0.

range Target range (km). 1
THERMAL Finite-element thermal modeling. Component

Command Forms(s): THERMAL

thermal/material/add/(square or kbl kb2 thickness [(material)]
nosquare)

thermal/material/register kbeam thickness [(materia)] [(material)]
[(material)] [(material)]

thermal/material/list kbeam

thermal/material/dir

thermal/material/delete surface

thermal/material/source/(squareor kbl kb2 coefficient

nosquare)

thermal /material/ends [(material)]/temp [(material)]/temp

thermal/settle/single/(normal or kbeam time nstep factor
radial)

thermal/settle/group/ (normal or time nstep kbl kb2 . . . kb9 factor
radial)
thermal/window kbeam time kbl kb2 . . . kb9
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Command Forms(s): THERMAL (Continued)

thermal/lens kbeam time rl r2 kbl kb2 . . . kb9
thermal/indexarray/isotropic kbeam young alpha index cl c2 kbl kb2
. kble
thermal/indexarray/cubic kbeam young alpha index cl c2 c¢3 c4 kbl
kb2 . . . kble
thermal /birefringence kbeaml kbeam2

Description:. THERMAL

The thermal command modelsthe thermal response of transparent optical materials. The structure of
the elememt, on which thermal calculations are to be performed, is specified in terms of material arrays.
Each array may consist several different types of material: transparent materials, opaque solids, fluidswhich
are considered to be opaqueif they are on the sides of the distribution, and insulators. Transparent materials
are assumed to be solid (Seethe bloom commands for thermal blooming in gasses). Transparent materials
must be initialized to some finite temperature. These materials have coefficients which define the index of
refraction and the thermal expansion coefficient. Where the temperature is set to zero, the array is
considered to represent a perfect insulator. The material array may also contain other solid or fluid materials
to represent mounting materials, forced air cooling, liquid cooling, etc.

The material array contains the temperature distribution and the material type. The composite materials
are designated by composite type numbers as show below.

Table. 23. Composite type numbers.

Composite No. Description
4 First material added, assumed to be the transparent material (material type 1).
3 Thelaboratory environment. Must befluid (material type 2). The compositetypeis

always assumed to exist on either side of the transparent material. Must be
initialized to somefinite temperature value to distinguish it from an insulator. May
be still air, forced air, vacuum, etc.

2 Either mounting material or fluid (material types 3 or 2).
1 Either mounting material or fluid (material types 3 or 2).
0 T = 0. Points with zero temperature are assumed to represent perfect thermal

insulatorsand no heat will flow into them. Thisis set by the zero temperature values
defined for the transparent material.

There are five composite types: the transparent material, |aboratory environment defining the medium
in the front of the element (and optionally the sides of the element), (optionally) two additional materias
which define mounting structure and/or fluid contact, and insulator where T = 0.

A catalog of material characteristicsisgiveninthefile matlib. Thisfile may be edited by the user to add
or delete materials. Each material isidentified by name. In addition there is a materia type number which
indicated whether the material is a fluid, transparent refractive element, or solid representing mounting
structure.
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Table. 24. Material type numbers.

Material Sate
Type

Transmission Description
Properties

1 solid

transparent Conduction occurs and convection loss into surrounding fluids.

Temperaturevaries. Usableasoptical material. Specifiy heat transfer
coefficient in K= KW/m°C and product of density and heat capacity
aspc = KJmC. Also specify index of refraction and first and
second derivatives of index of refraction and thermal expansion asa
function of temperature with respect to some reference temperature
T, If T = 0 aperfect thermal insulator is assumed and no heat will
flow into or out of this material.

2 fluid

opague Convection but no conduction. Temperature does not vary. Usable as

environment. Specify heat transfer coefficient in /= KW/m°C. A
fluid isassumed to be opaque except whereit ispart of the laboratory
environment in front of the transparent refractive material.

3 solid

opague Conduction but no convection. Temperature varies. Usable as

mounting material or environment. Specifiy heat transfer coefficient
in K = KW/m°C and product of density and heat capacity pc =

KJmC.

Modifier 1

Description

/material

Build and lists material sections.

/settle

Solves transient thermal interactions for specified time.

/window

Optical interactions of kbeam with one or more optical sections. Phase
aberrations due to the temperature distribution are included as well as absorption
from the beam and associated heating of optical materials due to the absorbed
laser radiation. The value time determines the time for thermal pumping from the
optical beam. No settling takes place.

—o L
_ea

_2nrdN e
AOPD = lo[dTJr(N 1)&}LAT,AT_ o

/lens

Similar to /window except radii on the ends of the element may be specified. The
optical power varieswith theirradiance-averaged temperature of the section at the
front and rear of the element.

/stress/24d/
greensfunction

Calculate mechanical stressimposed by gradients in temperature distribution in
kbeam1. Solution by Greensfunction approach. Stressarray isstoredin kbeam2

inform: (o,, Gy)(Tyy, 0) for the real and imaginary words of first polarization

state and the real word of the second polarization state. Both kbeam1 and
kbeam2 should be polarized.

/indexarray

Forms an index of refraction array of the thermal stress birefringence effects due
to thermal gradients by calculating the integral of temperature along the z-axis
from the k1-k9 thermal material arrays and computing Nx, Ny, and Nxy from
Young's Modulus, thermal expansion coefficient, and the photoelastic constants.
Thermal stress effects may be calculated for isotropic and cubic materials. See
Chap. 19, GLAD Theory Manual (theory.pdf) for a description of the theoretical
principlesinvolved. The resulting array is packed as (Nx*L, transmission),
(Ny*L, Nxy*L) into a polarized data array. The index
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Modifier 1

Description (Continued)

/birefringence

Optical effect of aspecial z-integrated index of refraction array where each
element isof theform (Nx*L, transmission), (Ny*L, Nxy*L), wherethe array has
polarized form. Such a z-integrated index array will be formed by the
thermal/indexarray command and includes the effects of Young's
Modulus, coefficient of thermal expansion, and photoel astic coefficients. The
perturbation effects A of index of refraction may be found from the stress
components by application of the 6 x 6 photoelastic tensor. Aswe only need the
propertiesin the x-y plane the tensor may be reduced to 4 x 4 form.

Ox

isotropic material, ~y = Oy

9
~5(C13CyyCp O

ny
0 0 O cyy—cCpp

AXy Txy

No

cubic material, Ay =5 |CiCyCp O
- 0 0 0 ¢yl |%¥
Axy

L Txy]
The stress components are cal culated with a Green's function approach and
applied in frequency space using the methods of Chap 19, GLAD Theory Manual
(theory.pdf).

Modifier 2

Description

/add

Used to construct a composite section in kb1. If kb1l = kb2, thearray is
initialized. Each subsequent /add adds a new material to the section at points
wherethe section has exactly zero temperature. A maximum of four materials may
beincluded in each section. Therea word of kb2 should contain the temperature.
Usethe irradiance command to convert normal complex amplitudeformtoa
form with the irradiance (representing the temperature) in the real word. If the
temperatureis zero, that point is considered to be aperfect insulator. For refractive
materials, the imaginary word may contain source power information. For afluid
the imaginary word may contain differential valuesto be added to the convection
coefficient. A composite section may consist only of fluid material to be used as
the front or rear sectionsin a group.

/register

Used to identify an array as athermal array. Useful whenusing infile or
connect toinputanarray previoudy created by thermal /material/add.
outfile and infile must use unformatted or binary protocol. Must specify
thickness and the material namesin order asthe array was originally defined.

/dir

Lists materiasin file matlib.

/list

List characteristics of composite sections which have been defined.

/delete

Delete athermal surface by surface number.

/source

Add aninternal heat source to the specified composite section.

/ends

Optionally specify fluid characteristics at the front and back of al sections.

Jump to: Theory , Examples 304




THERMAL THERMAL
Modifier 2 Description (Continued)
/single Perform transient thermal solution for a single section.
/group Perform transient thermal solution for agroup of sections.
/isotropic Material for thermal/indexarray iSisotropic, requiring only two
independent photoel astic constants,
~ &X
~ | _ Mo Oy
Ayl T 2|3t O ~
N 0 0 0 cy—Cpl oY
5 [ Txy
/cubic Material for thermal/indexarray isisotropic, requiring four independent
photoel astic constants,
~ C~5x
Ax 3{C1y C12 C13 O || -
~ | _ Mo Oy
Ay| = T2 |C3CuC O~
X 0 0 0 cyl|¥
Xy Txy_
Modifier 3 Description
source/square Form absolute value squared of kb2 and storein imaginary word of kb1 assource

power density (default).

source/nosquare Do not modify the distribution. Real word of kb2 aready contains the correct

value for the source power density to be put in imaginary word of kb1.

single/normal Normal two-dimensional processing (default).

single/radial Assume radial symmetry.

Par ameter Description

(material) Name of amaterial from file matlib, where the thermal constants are defined.

Numerical Values

Description Defaults

kbl,kb2...kbo

Beam numbers used with thermal sections.

kbeam

Sectionto list formaterial/list or optical beam with /window or
/lens.

time Timefor /settle, /window, Or /lens.

nstep Number of subdivisions of time for /settle. If nstep =0, GLAD
computes the number of steps based on the response time of the fastest
material accordingto T = pchz/ K where zistheresponsetime, p isthe
density, c isthe specific heat, Ax isthe sample spacing, and kisthe
thermal conductivity.

rl, r2 Radii for front and back of element for /1lens.

temp Temperature of front or back material for /ends.

factor Increase or decrease automatic selection of thermal stepsby factor for O.

/settle.
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Numerical Values Description (Continued) Defaults

thickness Thickness of the section used by settle/group.

young Young's Modulus in units of Newtons/cm.

alpha Coefficient of thermal expansionin °C™2.

cl,c2,c3,c4 Photoel astic coefficients. Only c¢1 and c2 are required for
/isotropic. Unitsof cm?/N.

surface Number of surface in order of definition.

coefficient For thermal /material/source, multiply source power of kb2
before storinginkb1.

THRESHOLD Set low irradiance valuesto zero. Operator

Command Forms(s): THRESHOLD
threshold kbeam threshold

Description:. THRESHOLD

Sets values below athreshold value to zero. Useful for trimming irradiance noise and associated phase
irregularities to zero.

Numerical Values Description Defaults
kbeam Single beam number. 1
threshold Set values below threshol d* peak to zero. le-8

TIME M easure elapsed time. Language

Command Forms(s): TIME

time/init

time/show
time/halt

time/resume

Description: TIME

Thiscommand controls and displaysthe elapsed time. Time / show givesthe el apsed time from thelast
time/init.

Modifier 1 Description

/init Reset timing clock.

/show Display the elapsed time.

/halt Halts the timer without resetting the timer.
/resume Resumes the timing.

System Variable Data Description
time Elapsed time from last call to t ime / show.
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TITLE Definesthe plot title. L anguage
Command Forms(s): TITLE

title/def (title string)

title/format (Type) iwidth idec

title/write

Description: TITLE

Defines and controls thetitle for plots. Thetitle may be defined by a character string enclosed in single
guote marks. If no character string isgiven, GLAD will usethelinefollowing title/def asthetitle. Up
to 64 characters may be defined. Most of the plots use less than 64 characters because of the limited space
in the plot and the need to have large character sizes for clear visibility. All plots accept 32 characters.
plot/xslice andplot/yslice use40 characters. plot/isometric andplot/liso use48.
The right most characters are dropped when the full 64 characters can not be used.

Variables may be used in titles. Preceed the variable by “@”. For exampletitle distance = @z,
will display the current value of z in thetitle. The variables values are automatically updated.

Also see the displayed comment c.

Modifier 1 Description

/def Definestitle by character string on the same line. A maximum of 64 characters will be
read. (default)

/format Establishes the format of real register values. The formats are based on Fortran
conventions: F(iwidth).(idec), fixed floating point number of Width total characters and
Dec numbersto the right of the decimal point; 1PE(Width).(Dec) creates a number with
an exponent; 1PG(Width).(Dec) writesin fixed floating point format if the numbers will
fit the width or numbers with exponent otherwise. If no format is specified, the current
format is printed.

/write Updates and writes the title to the output file. Also see the displayed comment c.
Character Sring Description

(title string) Character string to be used as atitle.

Type Real register format type. F, G, or E.

Numerical Values Description Defaults
iwidth Width of the real format. 12

idec Number of digits to the right of the decimal point. 4

X =2

title/format e 12 4
title x = @x

plot/x 1 # title will be displayed in plot
X =3
title/write # title will be updated before displayed

Result: x = 3.0000E+00
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TRANSPOSE Transposethe array. Operator
Command Forms(s): TRANSPOSE

transpose/yxz kbeam

transpose/xzy kbeam

transpose/zxy kbeam

transpose/right kbeam
transpose/yzx kbeam
transpose/left kbeam

Description: TRANSPOSE

Transposes the array, i.e., flips the along the diagona a diagonal for 2D arrays. See f1ip/x or
flip/y,and rotate. See Example Ex105 for examples of 3D transposes.

Modifier 1 Description

/yXz Transpose x- and y-directions. The normal transpose for 2D arrays (default).

/xXzy Transpose z- and y-directions. May be applied only to 3D array.

/zxy or /right Right circular permutation of XY X to form ZXY 3D array. Same as /xzy
followed by /yxz. Reverses /yzx or /1left. A general 3D transpose.

/yzxor/left Left circular permutation of XY X toform Y ZX 3D array. Sameas / yxz followed

by /xzy. Reverses /zxy. A general 3D transpose.

Numerical Values Description Defaults

kbeam Single beam number. 1

UDATA Create and display summary plots. Diagnostics
Command Forms(s): UDATA

udata/list/screen min max

udata/list/disk (filename) minrows maxrows maxcols

udata/save/disk (filename) minrows maxrows maxcols
udata/restore/disk (filename) minrows maxrows maxcols

udata/(set, add, sub,mul, nstore x y01l y02 y03 y04 y05 y06 y07 y08 y09 y10
div)lvalues y1ll y12
udata/(set, add, sub, mul, nrow ncol y

div)/address

udata/(set, add, sub, mul, coll col2 col3
div)/columns

udata/calc ncol a b

udata/radrms coll col2 maxrows units
udata/sum/one coll

udata/sum/two coll col2

udata/clear nstore

udata/maxcols maxcols
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Command Forms(s):  UDATA (Continued)

udata/maxrows maxrows

udata/xlabel (string for x-l1abel)
udata/ylabel (string for x-1abel)
udata/clabel (string for column label) column

Description: UDATA

Creates and modifies asummary file. udata maintains an x-vector and up to twelve function vectors:
y01 toy12. Thesevectors are of maximum length 1024. They may be used to store the status of the system
at various points. The parameters x, y01, y02, y03 may be constants or variables. plot /udata may be
used to plot the y-values against the x-val ues.

/xlabel and /ylabel may be used to define plot labels. The string should be enclosed in single
guote marks. (maximum 40 charactersin label).

The equation “x = udata(i,j)” givestheith row and jth column. i = O returns the x-values.

Modifier 1 Description
/list Liststhe array values.
/list/disk Liststo disk file. Filename may be defined as a 20 character parameter without

guotes or up to 80 characters when enclosed in quotes. The prefix defined by
/set/path isadded, if defined, in the same fashion asread /disk and other

10 routines.
/save Save data to specified disk file.
/restore Restore data from specified disk file.

/set,add, sub,mul, Set, add, subtract, multiply or divide datainto udata array.

div

/calc Calculate Col(Ncol) = Col(Ncol)*A + B. Note that maximum and minimum
values of the column may be calculated from variables /set/param
udata/max and variables /set/param udata/min.

/radrms Calculate radially weighted rms values between two columns.

/sum Calculate sum along row for asingle column (/one) or the product of two
columns (/ two).

/clear Zeroes al rows.

/maxcols Maximum number of data function columnsto be used. By default, maxcols is

increased whenever afunctional column value is defined beyond the existing
range. Maxcols may beused to reduce the number of columnslisted and plotted.

/maxrows Maximum number of rows. Allows reduction in data set.

/xlabel Reads next line for x-label. Seeplot /udata /xlabel), aso.

/vlabel Reads next line for y-label. Seeplot /udata /ylabel, aso.

/clabel Sets the column labels for udata/list. The independent variable (normally “x”) is

number 1, y01 isnumbered 2, etc. If the label contains blank characters, enclose
the label in single quotes. The maximum length is 13 characters.

/values Set row values by position with udata/set(default).
/address Specify udata by (nrow, ncol) addressudata/set.
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Modifier 2 Description
/screen Write to screen.
/disk Write to disk file filename.
/values Specify column by pattern, e.g. y01.
/address Specify column by column number.
/columns Perform set, add, sub, mul, div operations among columns:
coll =col2 (operation) col3.
/one Calculate sum aong row for asingle column (/one).
/two Calculate sum as the product of two columns (/ two).

Character Sring

Description

(filename)

File namefor /disk.

Numerical Values Description

Defaults

Minimum and maximum udata rowsto be listed all defined points

minrows,
maXrows
nstore Array point number, max 1024. All points
X Independent (x) value or operator.
y0ltoyl2 Dependent (y) values or operators.
maxcols Maximum number of function columns to be used, see
/maxcols.
Maxrows Maximum number of rows of data. Normally thisisset by GLAD

to be the maximum number of rows for which data has been
defined.

nrow, ncol

Row and column address for /address.

coll,col2,col3

Column numbers.

units Units between rows to be used with /radrms.
vy Vaueto beset by /address.
column The column number for udata/clabel. The independent

variable (normally x) is number 1, the first dependent data
column (normally y01) isnumbered 2, etc.

System Variable Data Description

udata/point Get value from udata tables, by Row (A) and Col (B).

udata/max Maximum value of column of udata defined by A.

udata/min Minimum value of column of udata defined by A.

udata/radrms Radial weighted root sum sguare of two columns.

udata/sum Sum of asingle column (/one) or the product of two columns (/ two).
UNIFORMITY Calculate irradiance nonunifor mity. Diagnostics
Command Forms(s): UNIFORMITY

uniformity/cir kbeam rad xdec ydec

uniformity/sqr kbeam rad xdec ydec
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UNIFORMITY UNIFORMITY

Command Forms(s): UNIFORMITY (Continued)

uniformity/ell kbeam xrad yrad xdec ydec
uniformity/rec kbeam xrad yrad xdec ydec
uniformity/two kbeaml kbeam2

Description: UNIFORMITY

Calculates the nonuniformity of irradiance for the specified region. If no region width is specified the
entire array is used. Irradiance nonuniformity is calculated by

nonuniformity (percent) = <—}>( (I2> - <|>2) x 100 (212)

where ( ) indicates aspatial average and the irradianceis . This definition of irradiance nonuniformity can
give avaue greater than 100%, A random speckle pattern has a nonuniformity of about 100%.
For /two the uniformity is calculated to be

”(Il— 1,,) dxdy .
JJ1 ey 1, ey

nonuniformity (percent) = 100 (213)

where [, istheirradiance of kbeaml and I, isthe irradiance of kbeam2. This allows comparison of atest
function against a reference function.

Modifier 1 Description

/cir Circle.

/sqr Square.

/ell Ellipse.

/rec Rectangle.

/two Compare atest beam against a reference beam.

Numerical Values Description Defaults

kbeam Single beam number. 1

kbeaml, kbeam2 Test and reference beamsfor /two.

rad Radius of region (cm). Entire array.

(%, y)rad Radius of region (cm). Entire array.

xdec, ydec Decentering parameters. 0.,0.

System Variable Data Description

uniformity/(mod) Nonuniformity in percent from uniformity command. Default

mod = percent, sigma, modifier is percent, std. dev. is sigma, maximum value ispeak,

peak, avgint, valley,sum avgint isaverageintensity, valleyisminimumvalue, sumisthesum
of al intensities or intensity differencesfor /two.
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UNITS UNITS
UNITS Set and display sample spacing. Begin-end
Command Forms(s): UNITS

units/list ibeams

units/set ibeams xunit yunit zunit

units/field ibeams xrad yrad zrad

units/beam kbeaml kbeam?2

units/fix/set ibeams

units/fix/list ibeams

units/free ibeams

units/type/list kbeam

units/type/set kbeam type [(unitstype)]

Description: UNITS

Controlsthe selection of matrix element size of the field array.

Modifier 1 Description

/list List the units.

/set Sets units of beam ibeams to xunit inx-direction and yunit iny-direction.

/field Setsunits of beam ibeams such that thefield half-width isxrad in x-direction
and yrad in y-direction, units, = 2*xrad/N, and unitsy = 2*yrad/Ny, where
N, and N, are the length of columns and rows for the array.

/beam Set units of kbeam1 to units of kbeam?.

/fix K eeps units constant. Beam must have a plane reference surface, i.e., constant
unitsfor units/fix to be applied.

/free Program isfreeto adjust units to optimum value (default condition). Cancels

/fix.

/type/(set or list) Typeor list unitstype. May be specified by number (type) or by parameter. See

‘Units Type” table below.

Modifier 2 Description

/list List the designated units state.
/set Set the designated units state.
Units Type Description

cm Centimeters.

cycles per cm

Unitsfor spatial frequency.

cycles per mm

Units for spatial frequency.

Numerical Values

Description Defaults

ibeams

Beam number (O to select all beams). 1 tonbeam

kbeaml, kbeam2

Set units of 1 to unitsof 2 for /beam.

xunit, yunit,
zunit

Distance between matrix points, x-, y-, or z-direction
(cm).
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VALLEY VARIABLES

Numerical Values Description (Continued) Defaults
xrad, yrad, zrad Half width of field array in x-, y-, or z-direction (cm).
type Number of unitstype: 1“cm”, 2“cycles/cm”, 3
“cycles/mm”.
iseed Integer used to set the seed of the random number
generator. If not explicitly set, the seed is set the previous
call to the random number generator.

VALLEY Computes minimum irradiancein array. Diagnostics

Command Forms(s): VALLEY

valley ibeams

Description: VALLEY

Finds the point of minimum intensity in the beam(s) specified by ibeams. The array indices and ray
coordinates of the minimum and the value of minimum intensity are printed. Also see peak.

Numerical Values Description Defaults
ibeams Beam number (O to select all beams). 1 tonbeam

System Variable Data Description
valley Minimum value of beam.

VARIABLES Declare, set, and monitor variable values. Language

Command Forms(s): VARIABLES

variables/list

variables/value/real OF integer (variable) # (comment)
variables/lock (variable)

variables/free (variable)

variables/export

variables/set/param/real Or integer (variable) kbeam (parameter)
variables/set/param/real or integer (variable) kbeam a (parameter)
variables/set/param/real Or integer (variable) kbeam a b (parameter)
variables/set/param/real Or integer (variable) a (parameter)
variables/set/param/real Or integer (variable) a b (parameter)
variable/set/random (variable) a iseed
variable/set/phaser (variable) iseed
variables/declare/(real, integer, Or (variable) . . . (variable)
complex)

variables/ask (variable)
variables/monitor/(add or delete) (list of variables)
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VARIABLES VARIABLES

Command Forms(s): VARIABLES (Continued)

variables/monitor/
(1ist, clearall, hide, or show)

variables/label/real Or integer

(variable) (Iabel)

Description: VARIABLES

/1list displaysthevaluesand register addresses of all defined variables. Individual variables may also
be listed by entering the name followed by an equal sign:

a

3 # assign value to variable
a= #

list value

/declare establishes the following string as a variable of specified typeb. /set sets the specified
variable to the GLAD parameter. /set automatically declares the variable, if necessary, unless
set/strict/on has been invoked. If set /strict/on has been invoked, an attempt to use an

undeclared variable results in an error.

/monitor provides a display of designated variables with

automatic updating.
Real-time display of variables may be done with the variable monitor window, Sect. 1.3.5.

Modifier 1 Description

/list Lists current variables (default).

/value Declares and sets asingle variable allowing “real” or “integer” specification. Any “#”
comment will become a variable label.

/lock Lock the variable to prevent inadvertent change.

/free Free the variable to allow changes.

/export Form of list suitable for exporting with write /disk (filename), followed by
variables/export; read/screen. Variables can be read into another command
fileby read /disk (filename).

/set Set variableto GLAD system value.

/declare Declare variables prior to use.

/ask Prompt for assignment of value to variable. Useful in macros and command file input to
make real time assignment of values.

/monitor  Display atable of variables and their valuesin a separate window. Values are updated
automatically.

/label Add alabel to avariable. The lable will apper invariables/list or asan added
coment if the variable valueis displayed in the form “variable=".

Modifier 2 Description

declare/real Declares variables as real (default).

declare/integer Declaresvariable asinteger.

declare/complex Declaresvariablesascomplex numbersfor examplex =1 + 2i.
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VARIABLES VARIABLES

Modifier 2 Description (Continued)

/add Add avariable to monitor list. The monitor window is started when the first
variableis added to the monitor list. The display will be automatically updated to
show the current value of the variable. The following line adds the variable
Energy tothedisplay.
variables/monitor/add Energy

/delete Delete avariable from monitor list.

/clearall Delete dl variables from table. Also removes the monitor window.

/list List al monitored variables.

/show Show the variable monitor window.

/hide Minimize the variable monitor window.

/param Various functions (default).

/random Random variable with gaussian statistics. The first value sets the expected value.
The second value sets the random seed, if desired.

/phaser Random angle from 0 to 360 degrees. The value sets the random seed, if desired.

Modifier 3 Description

parameter/real If new variable declare it as real (default).

parameter/integer If new variable declareit asinteger.

Parameters Description
(variable) Variable name consisting of no more than 20 alphanumeric characters, “s”, “ ”.
(label) A comment after “#” to beused asalabel for variable/label.

Numerical Values

Description Defaults

kbeam

Beam number for parameter.

a, b

Variablesfor parameters. For /set /random, “a’ isascae
factor that multiplies the random variable.

Table. 25. System data accessible through the variables command.
Type 1, GLAD executes all necessary commands, e.g., energy.

Type 2, User must execute a command prior to accessing variable, e.g., poles.

Parameters Type Description

abcd/(mod) 1 Current ABCD properties of kbeam.

mod = ax, bx, cx, dx, ay,

by, cy, dy

abscorr, angcorr 2 Magnitude and angle (degrees of correlation coefficient) after call
tomult /mode.

avgeng 2 Average energy from gain /converge, averaged over ireg

values.

bmsize, ybmsize

1 Radius of kbeam (cm).

color Wavelength of kbeam.

corrr, corri, corra 2 Real, imaginary, and complex parts of correlation after call to
mult /mode.

ctlc 2 1if Ctl-c or Ctl-BRK detected, O otherwise.
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VARIABLES VARIABLES

Table. 25. System data accessible through the variables command. (Continued)
Type 1, GLAD executes al necessary commands, e.g., energy.

Type 2, User must execute a command prior to accessing variable, e.g., poles.

Parameters Type Description

decent, ydecent 1 Offset of kbeam (cm).

eindex 1 Index of refraction for eccentric beam for uniaxial crystal.
energy/(mod) 1 /optical yiedstheirradiance integrated over the array in w.
mod = optical, /ginversion yieldsthe population integrated over the array in
ginversion jlem.

fitegauss/(mod) 2 Embedded gaussian found from last call to fitegauss: axia
mod = zwaist,yzwaist, position of waist, waist 1/e radius, equivalent wavelength.
waist, ywaist, lambda,

ylambda

fitencir 2 Radius of the level to befit withencircled or pib.
fitlevel 2 Intensity level for specified relative energy from fitlevel.
fitpiston 2 Piston value from last call £itphase.

fitxcen, fitycen 2 Center of the distribution from last call to fitgeo.
fitxfwhm, fityfwhm 2 Full-width-half-maximum (or other level) from £it fwhm.
fitxfocus, fityfocus 2 X- and y-defocus errors from last call to fitphase.
fitxomega, fityomega 2 X- and y-equivalent radii from last call to fitgeo, fitfwhm,

fitknife, fitlevel,andpib /level.

fitxrad, fityrad 2 X-andy-averageradii from last call to £itgeo . Other definitions
apply for other “fit” commands.
fitxsig, fitysig 2 X- and y-standard deviations from last call to fitgeo,

fitfwhm, fitknife, fitlevel,andpib/level.

fitxtilt, fitytilt 2 X-tilt and y-tilt after last call to fitphase.

focus/(abcd or waist) 1 Sets the variabl e to the distance from the current position to the
geometrical focus (abed) or gaussian beam waist (waist). Similar to
the focus /1ist command.

geodata/(mod) 2 Displays current values of geodata for specified beam.

mod = zwaistx, zwaisty, zwaist(x,y): position of waist

walistx,waisty, iplanx, waist(x,y): size of waist

iplany, m2x,m2y, ewx, ewy, iplan(x,y): O, curved reference; 1, plane reference surface

radx, rady, bsx, bsy, m2(x,y): M-squared value as determined by last call to £itmsqg.

zrayx, zrayy, zdistx, ew(x, y): Effective wavelength form M-squared value.

zdisty, insidx, insidy, rad(x,y): Radius of phase.

refradiusx, refradiusy, bs (x,vy): Current beam radius.

wSX, Wwsy, zswitchx, zray(x,y): Rayleigh range.

zswitchy zdist(x,y): Distance from zwaist to current position.

insid(x,y): Inside or outside the near-far field boundary.
refradius(x,y): Reference surface radius: 120 if not used.
ws(x,y): Width of the beam at current point.

zswitch(x,y): Distance from waist to point of expanding units.
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VARIABLES

Table. 25. System data accessible through the variables command. (Continued)
Type 1, GLAD executes al necessary commands, e.g., energy.

Type 2, User must execute a command prior to accessing variable, e.g., poles.

Parameters Type Description

global/(mod) 1 Displays current global properties of specified beam.

mod = grx, gry,grz, gix, grx, gry, grz: current global position of waist

giy,giz, 9ix, 9jy, 93z, gix, giy, 9iz, 9ix, gjy, 9z, gkx, gky, gkz: elements of

gkx, gky, gkz, opl, ppl, global orientation matrix (ith, jth and kth columns).

xXang, yang, zang, xlang, opl, ppl: optical path length and physical path length

ylang, zlang, parity xang, yang, zang: Euler angles (first solution).
xlang, ylang, zlang: Euler angles (alternate solution).
parity: Parity of global orientation matrix.

index 1 Index of refraction.

iplane, yiplane 1 Phase bias flag of kbeam.

lensgroup/(mod) 2 Magnification factors due to incidence on tilted surfaces for

mod = xmag, ymag, lensgroup.

oblique

line 1 Sets variable to the current line number. Useful for debugging.

macro/(mod) 1 Macro loop information. Current iteration, maximum iteration,

mod = iteration, current macro level, and remaining iterations

maxiteration, level,

remaining

magchgvec 2 Magnitude of change vector for optimization.

memory/(mod) 1 Physical memory: total, total on system; allocated,

mod = total,allocated, currently alocated to GLAD; free, free physica memory (not

free, maximum, reliable); maximum, maximum alowed memory set by user (O if

speedratio no maximum has been set); speedratio, ratio of current speed
toinitial speed at with small memory. The speed ratio will drop if
the memory allocation is higher than 75% to 90% of total memory.

merit Current value of merit function for optimization.

msgx, msqy M-sguared valuesfor x- and y-directionsfromlast call to fitgeo,
fitmsquared, or fitegauss.

nbeam 1 Number of beams defined.

nline/(mod) 1 Number of pixelsfor x-, y-, and z-directions and polarization state,

mod =x, v, z, ipol ipol = lindicates polarized.

optdone 1if optimization done, O if not.

opl/(mod) Optical path length in x-direction in waves or cm for kbeam.

mod = waves, length

oply/(mod) 1 Optical path length in y-direction in waves or cm for kbeam.

mod = waves, length

pcorrr, pcorri, pcorra 2 Real, imaginary, and complex parts of correlation after call to

mult /mode without normalization.

ppl

Physical path length for kbeam incm

peak/(mod)
mod = intensity, xcen,
ycen, picen, pjcen

Peak intensity of kbeam. xcen and ycen give the x- and y-
coordinates of the peak and picen and pjcen givethepixel
coordinates of the peak.
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VARIABLES

Table. 25. System data accessible through the variables command. (Continued)
Type 1, GLAD executes al necessary commands, e.g., energy.

Type 2, User must execute a command prior to accessing variable, e.g., poles.

Parameters Type Description

photons 1 Number of photonsin kbeam.

point/(mod) 1 Intensity or for s- and p-polarizations: s-real, s-imaginary, p-real, p-

mod = intensity,sr, si, imaginary, and the popul ation inversion specified point. Specify

pr,pi,ginversion, kbeam and A and B for x- and y-pixels. If kbeam isnot specified,

principle the values from the last call to point/1ist will be used.
(principle isnot used at thistime.)

poles 2 Number of irremovable phase discontinuities (poles), obtained by
running poles command.

prad, yprad 1 Surrogate gaussian beam phase radius.

rdist, yrdist 1 Current distance of beam from waist (cm).

resonator/(mod) 2 Round-trip properties of macro operated with resonator. X- and y-

mod = mag, ymag, radius, values of magnification, phase radius, eigenwaist, eigenwaist

yradius, ewaist, location, stability criterion, optical path length in wavesfor x- and

yewaist, ezwaist, y-directions, physical path length in cm, and the round trip time.

yezwaist, stable, Half the round trip timeis often used for the pumping timein

ystable, opl, oply, ppl, double passamplifiers. Theinverse of theround trip time givesthe

roundtriptime frequency separation between longitudinal modes.

rms 2 RMS wavefront error of beam, computed by variance.

sampling/(mod) 1 Compute relative power in Nyquist frequenciesin x- or y-direction.

mod = x,vy

section 1 Section of 3D array.

strehl 1 Strehl ratio of kbeam.

sxrot, syrot, szrot 1 Rotation angles of most recent surface.

thermal/(mod) 1 Thermal surface data. The surface number isdefined by A. Array

mod = array,no0, t0,dndt, is the number of the array for the thermal surface. N0 isthe index

dndt2,dldt,dldt2,alpha at temperature £t 0. Dndt isthe derivative of index with
temperature and dndt 2 isthe second derivative. D1dt isthe
derivative of thickness with temperature and d1dt 2 isthe second
derivative. Alpha isthe bulk absorption.

thermal/(mod) 1 Thermal surface data. The surface number is defined by A and

mod = rhoc, kappa, material number in the surface is defined by B. Rhoc isthe

xtime, ytime density* specific heat. Kappa is the thermal conductivity. Xt ime
and Yt ime are the thermal time constantsin the x- and y-
directions.

time 2 Givesthe elapsed time from last t ime /show.

udata/point 1 Get value from udata tables, by Row (A) and Col (B).

udata/max 1 Maximum value of column of udata defined by A.

udata/min 1 Minimum value of column of udata defined by A.

udata/sum 2 Result of udata/sum/one or udata/sum/two.

udata/radrms 2 Result of udata/radrms.

units, yunits 1 Separation of field array points for beam (cm).
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VARIANCE

Table. 25. System data accessible through the variables command. (Continued)
Type 1, GLAD executes al necessary commands, e.g., energy.

Type 2, User must execute a command prior to accessing variable, e.g., poles.

Parameters

Type Description

uniformity/(mod)
mod = percent, sigma,

peak,avgint, valley, sum

2

Nonuniformity in percent fromuni formity command. Default
modifier ispercent, std. dev. is sigma, maximum valueis
peak, avgint isaverageintensity, valley is minimum value,
sum isthe sum of all irradiances or irradiance differences for
/two.

valley 1 Minimum value of kbeam.

vxrot, vyrot, vzrot 1 Rotation angles of last vertex.

waist,ywaist 1 Radius of beam at waist (cm).

wavefront/(mod) 1 Wavefront statistics, callsvariance command. Default

mod = sigma, peak, modifierissigma, thestd. dev.,, maximumvalueispeak, average
average,valley isaverage, valley isminimum vaue.

wavelength 1 Wavelength of kbeam.

Xray, yray, zray 1 Global position of beam along chief ray for kbeam.

xrot, yrot, zrot Rotation angles of chief ray for kbeam.

xvertex, yvertex, Vertex position of last vertex.

zvertex

xsurf, ysurf, zsurf 1 Rotation angles of last surface.

zigzag/(mod) 1 Properties of zigzag amplifier: width, adjusted width with 1/2 pixel
mod = width zigzag added. height, length, number of reflections, angle of the light
adjusted_zigzag relative to the axis of the zigzag amplifier, units of the beam
height zigzag (transverse to the beam), units of the gain region, step length along
length zigzag the angle (optical path), step length along the amplifier axis,
reflections zigzag current position in cm, current position in pixels, total number of
angle zigzag steps through the amplifier.

beamunits zigzag

gainunits zigzag

step angle

step straight

position zigzag

pixel zigzag

totalsteps zigzag

zreff 1 Current z-position of beam (cm).

Example

Put the wavelength of beam 2 into variable Lambda.

variable/set Lambda wavelength

VARIANCE

Calculate wavefront rmserror.

Diagnostics

Command Forms(s): VARIANCE

variance/wavefront
variance/irradiance
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VARIANCE VERTEX

Description: VARIANCE
Calculates the intensity weighted wavefront or irradiance rms (same as command rms).

[1ox yyWox y) ey [j [106 yywix, y)dxdyJZ

wavefront RMS = (214)
JJ1ex yydxdy JJ1x yydxdy
irradiance RMS = “I & y)zdxdy - [“I > y)dxdyjz (215)
- [ cxay [ [ xay

The standard deviation, peak, valley, and average value of the wavefront are available with the
variables /set/parameter command with the wavefront parameter.

Modifier 1 Description
/wavefront Calculate variance of wavefront (default).
/irradiance Calculate variance of irradiance.
Numerical Values Description Defaults
ibeams Beam number (0 to select all beams). 1 tonbeam
threshold Ignore points with irradiance lower than thisrelative 0.
threshold value.
System Variable Data Description
rms rms wavefront error of beam, same as variance. Computed by variance.
VERTEX Controlsvertex location and rotation. Positioning

Command Forms(s): VERTEX

vertex/list/global
vertex/list/beam kbeam

vertex/locate
vertex/rotate
vertex/save
vertex/restore
vertex/undefine

Description: VERTEX
The vertex command allows the user to define and list the location and orientation of the vertex of a
mirror defined withthemirror/global command or alens group with lensgroup.

Modifier 1 Description
/list Lists vertex values.
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VERTEX/LOCATE VERTEX/ROTATE

Modifier 1 Description (Continued)

/locate Vertex position.

/rotate Vertex rotation.

/save Save current vertex coordinate state.

/restore Restore previously saved vertex coordinate state.

/undefine Undefinethe vertex postion such that theidealized |ens and mirror commandswill

always be applied to the current beam position of the specified beam.

Modifier 2 Description

/global Vertex propertiesin global coordinates (default).

/beam Vertex properties relative to current coordinate system of indicated beam.
Numerical Values Description Defaults

kbeam Beam number to be used as reference.

VERTEX/LOCATE Specify vertex location in global coordinates. Positioning

Command Forms(s): VERTEX/LOCATE

vertex/locate/relative kbeam x y z

vertex/locate/absolute x y z

Description:. VERTEX/LOCATE

The vertex/locate command is used to define the vertex location of an optical component
subsequently defined with themirror/global or lensgroup commands.

Note that avertex/rotate command must beissued after avertex/locate command to set a
logic switch properly to true.

Modifier 2 Description

/relative L ocate relative to beam position of kbeam. Displacement is made in the beam
coordinate system.

/absolute Set location of vertex in global coordinates.

Numerical Values Description Defaults

kbeam Beam number to be used as reference.

X, Y, Z Trangdlation coordinates (cm). 0.,0.,0.

System Variable Data Description

xXvertex, yvertex, zvertex Vertex position of last defined vertex.

VERTEX/ROTATE Specify vertex rotation in global coordinates. Positioning

Command Forms(s): VERTEX/ROTATE

vertex/rotate/set/(mod3) rx ry rz xoff yoff zoff [global]
vertex/rotate/add/(mod3) rx ry rz xoff yoff zoff [global]

Jump to: Theory , Examples 321



VERTEX/ROTATE VERTEX/ROTATE
Command Forms(s):  VERTEX/ROTATE (Continued)

vertex/rotate/set/(mod3) rx ry rz xoff yoff zoff [vertex]
vertex/rotate/add/(mod3) rx ry rz xoff yoff zoff [vertex]
vertex/rotate/set/(mod3) kbeam rx ry rz xoff yoff zoff [beam]
vertex/rotate/add/(mod3) kbeam rx ry rz xoff yoff zoff [beam]
vertex/rotate/set/(mod3) ksurf rx ry rz xoff yoff zoff [surface]
vertex/rotate/add/(mod3) ksurf rx ry rz xoff yoff zoff [surface]

Description:. VERTEX/ROTATE

The vertex/rotate command is used to define the orientation of an optical component defined
withthemirror/global or lensgroup commands. Thecomponent may be set to the specified angles
with the /set modifier or rotated from its existing position by the /add modifier.

The rotation is made in the coordinate system specified by the parameter. If R, , is the rotation matrix
specified by R,, R,, R, and R, is the local coordinate matrix specified by the parameter, then the global
rotation matrix is

(216)

The vertex may be rotated with an offset vector defined by (xof £, yof £, zof £). The offset vector is
defined in the local coordinate system.

The surface parameter rotates about the point of interception of a chief ray with a surface using a
previousmirror/global or 1lensgroup command and the surface /store command. Seethe
description of the surface command.

Modifier 2 Description
/set Set orientation to specified values (default).
Ry = Ry, (whereR, isthe vertex coordinate matrix.)
/add Rotate from current orientation. R, — R,,,'R,
Modifier 3 Description
/forward Rotate by R,(rx), Ry(ry), Rrz) inorder.
/inverse Rotate by R(-rz), Ry(-ry), Ry(-rx)inorder—thereverseof /forward.
Par ameter Description
global Rotation and offsets in global coordinates (default).
beam Rotation and offsets in beam coordinates.
vertex Rotation and offsets in vertex coordinates.
surface Rotation and offsets in surface coordinates.
Numerical Values Description Defaults
kbeam Beam number to be used as reference.
ksurf Surface number.
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WATCH WATCH

Numerical Values Description (Continued) Defaults

X,V, 2 Trandation coordinates. 0.,0.,0.
rX, Yy, rz Rotations angles in degrees. 0.,0.,0.
xof f, yoff, zoff  Offsetsof rotation point. 0.,0.,0.

Rotation Definitions

rx right hand rotation about x-axis.
ry right hand rotation about y-axis.
rz right hand rotation about z-axis.

A right hand rotation is defined to be a rotation in the direction the fingers of the right hand curl when
the thumb pointsin the positive direction of the specified axis. Rotations are applied in the order R,, R,, and
R,.

Note that the z-axis of a beam flips when the beam strikes a mirror. The beam coordinate matrix flips
from right to left handed parity. The rotations are defined with respect to the current z-axis direction.

Example

In the following example, the vertex islocated 100 cm. along the chief ray of beam 1.

vertex/locate/relative 1 0 0 100
vertex/rotate/set 1 beam
mirror/global/flat 1

WATCH Controls Watch.exe from command line. L anguage

Command Forms(s): WATCH

watch/start
watch/close
watch/folder (directory)

Description. WATCH
Controls Watch.exe from the command line..

Modifier 1 Description

/start Start aversion of Watch. Use after /close.
/close Close the version of Watch started from GLAD.
/folder Start Watch with specified directory.

Character string Description

(directory) Directory in Watch is to run.
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WAV E4 WAVE4

WAVE4 Four-wave mixing. Laser gain

Command Forms(s): WAVE4
wave4d /kinet zstep ip is it patm ac bc g4w gps gst nstep?2

wave4 /set zstart

Description: WAVE4
This command applies four-wave mixing and Raman gain. The GLAD feature set is required. The

theory is described in GLAD Theory Manual, Chap. 5, (theory.pdf). The equations are summarized below.
Given B S, and T for the pump and 1st and 2nd Stokes beams, the governing eguations are

Four-wave mixing

oP Oaw Ak z2-*

2z~ "2° ST (217)
0S _ Yaw _-iak -z 94w -iAk -z

5=t TS P e PST =0, (218)
T _ Yaw sk 22,

5= e P (219)

Raman equations

oP _ gp_s 2

= Amg’p, (220)
s_¢ g

g_z = Z29PI°s- s, (221)
oT _ Ost; 2

5 =597 (222)

Phase matching condition

Ak=2nab P, | =+ =22 |_n 99+(3_2e—§ (223)
e M N P EAPT T
Modifier 1 Description
kinet Appliesthe kinetics.
set Resets the z-origin for four-wave mixing.
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WAVE4

Numerical Values Description Defaults
zstep Z-step distance (cm). 0.
ip Number of pump beam. 1
is Number of 1st Stokes beam. 2
it Number of 2nd Stokes beam. 3
patm Atmospheric pressure (Amagats). 3.
ac First Cauchy coefficient. 13.6e-5
bec Second Cauchy coefficient. 7.7e-11
g4w Gain coefficient for four-wave mixing. 0.0001
gps Gain coefficient for pump to 1st Stokes. 0.
gst Gain coefficient for 1st to 2nd Stokes. 0.
nstep?2 Number of stepsfor phaseintegration (set at about 5to 10, higher

numbers give higher sampling of phase matching).

Sep size parameters

zmin = g4w-5§

four-wave mixing characteristic length

dispersion characteristic length

inner loop number for phase matching (if not set in command line)

disp = =
zdisp AK
: number of stepsper zste
nstepl = 1OE§£§E-k1 PSP P
Zmlin
‘ Raman integration step length
dstepl = zdisp €9 €p leng
nstepl
nstep2 = 1+4QEE,§El
zdisp
inner loop integration step length
dstep2 = dstepl p Iinteg €p leng
nstep2
EXAMPLE

This example illustrate the use of wave4. 40 steps of 20 cm. are taken.
waved /set zstart=0 # initializes z-position for phase matching

zstep 20

ip 1 (default)
is 2 (default)
ip 3 (default)
Patm 3.
bcauchy 13.6e-5
acauchy 7.7e-11
G4w 4.22e-9

Gps 5.16E-9

Gst 3.25E-9
Nstep2 10

oo NN NN OO N Nt NN RN INe!

(default)

(default)
(default)

macro/def ramstep/overwrite

pack/in

wave4d zstep=20 g4w=4.22e-9 gps=5.16e-9 gst=3.25e-9 nstep2=10

pack/out
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macro/end
macro/run ramstep/40

WAVELENGTH Set and display beam wavelength. Begin-end
Command Forms(s): WAVELENGTH

wavelength/list ibeams

wavelength/set ibeams lambda index eindex

Description:. WAVELENGTH

Sets beam to vacuum wavelength (in microns) and refractive index. If both variables are zero, the
command lists the current values. The wavelength in the medium islambda = lambda vac./index.

M odifier Description

/list List wavelength and index properties.

/set Set wavelength and index properties.

Numerical Values Description Defaults

ibeams Beam number (0 to select all beams). 1 tonbeam

lambda Vacuum wavelength (microns). 10.6

index Index of refraction. 1.

eindex Index of refraction of eccentric beam for birefringent material. index
Implemented only between crystal/uniaxial/set and
crystal/uniaxial/clear.

WAVES2INT Wavefront istransformed to intensity. Operator
Command Forms(s): WAVES2INT

waves2int/one kbeam

waves2int/two kbeaml kbeam?2

waves2real/one kbeam

waves2real/two kbeaml kbeam2

Description: WAVES2INT

Convertswavefront to an intensity or real distribution. Also seephase2int andphase2int. Waves
in wavelengthsis

waves = —phase/2/rt (radians).

Modifier 2 Description

/one Transform wavefront into intensity.

/two Make intensity of kbeam2 equal to wavefront of kbeam1.
Numerical Values Description Defaults
kbeam Single beam number. 1
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Numerical Values Description (Continued) Defaults

kbeaml Input beam for /two. 1

kbeam?2 Output beam for /two. 2

WRITE Control writing of output data. I nput-output

Command Forms(s): WRITE

write/screen/(on, off or clear)
write/(on or off)

write/disk/on (filename)/(nooverwrite or overwrite)
write/disk/off/(noclose or close)

write/html/on/(noclose or close) (filename)/(nooverwrite or overwrite)
write/html/off/(noclose or close)

write/info

Description:. WRITE

Sets output to terminal or disk file. If the disk file already exists, new output will be written at the end
of the existing information, unless /overwrite isspecified. A pathname may be set with set /path to
define a prefix which is concatenated in front of the filename.

Modifier 1 Description

/screen Sets output to screen (default).

Joff Turns off all output: screen, disk, and html.

/disk Controls output file for text.

/html Controls output file for html. File may be viewed by any browser.
/on Reverseswrite/off.

/info Displays current write info.

Modifier 2 Description

/on Opens output file for text output or html (default).
Joff Close output file.
/clear Forwrite/screen/clear, GladOut display is cleared.

Modifier 3 Description
/noclose Leave output file open (default).

/close Close output file, making it accessible to external programs such as editors for inspection
and modification.

Character Description
Sring
(filename) Name of the disk file. Do not include the parentheses. May be written as a 20 character

expression (no back slashes). Alternately an expression of up to 80 characters may be used
with single quotesin the form 'filename'. The filename is preceded by a path name if one
has been defined with set /path.
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Sring Modifier Description

/nooverwrite No rewind of the output file (default).

/overwrite Rewinds the file before writing on it.

ZBOUND Position and size of Rayleigh range. Diagnostics

Command Forms(s): ZBOUND

zbound/list ibeams

zbound/set ibeams waistx waisty zwaistx zwaisty

Description: ZBOUND

Prints table of surrogate gaussian beam values or sets the values. See geodata aso. The transition
between constant units and expanding units takes place at zrayx and zray .

Modifier 1 Description

/set Sets zbound.

/list Lists the current values (default).

Numerical Values Description Defaults
ibeams Beam number (O to select all beams). 1 tonbeam
waistx,waisty Waist size for x- and y-directions.

zwalstx, zwaisty Locations of x and y waists. 0.,0.

zbound/list TableValues Description

waistx, waisty Transverse radius of surrogate gaussian beam.

zwaistx, zwaisty Position of surrogate gaussian beam.

zZrayx, zrayy Half width of Rayleigh range.

ZIGZAG Zigzag amplifier Component

Command Forms(s): ZBOUND

zigzag/list/layout

zigzag/list/global

zigzag/set koptical kgain width half height half angle
reflections time mode optical history
gain history prism index face normal angle
transmission ncpu

zigzag/steps steps

zigzag/image kout step zigzag

zigzag/propagation/on
oroff

zigzag/noise/on or of £
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Description: ZIGZAG
Modelsazigzag amplifier. A beamisinjected into an amplifier consisting of a gain region between two
sidewalls. The beam zigs and zags as it bounces from wall to wall before exiting. See Fig. 28.

i

right
mirror

left
mirror

IAZ

output
(or additional cycles)

Fig. 28. Configuration for a zigzag amplifier showing one a pair of reflections forming one complete cycle. In this
figure no prism faces are shown. A full cycle of two reflectionsis shown, but any number of reflections may be used.
The beam overlaps upon reflection at each mirror, causing higher inversion depletion.

The pixels are matched to avoid interpolation and the associated errors. The optical beam, with units Ax, enters
on the left at an angle o to the axis of the amplifier region. The transverse units for the amplifier should be Ax
= Ax/cos( ). The units of the amplifier along the axis should be Az = Ax/tan(¢). The optical propagation along the
slant line takes steps of As = Axg/cos(a) = Ax/COSZ(a). The gain points are organized into a 3D array.

In this elementary drawing, the aperture is shown with only five pixels. The mirrors are shifted a half pixel. The
length for one complete cycle is ten—twice the number of aperture pixels.

Note that we can also have an odd number of reflections and prism faces as shown in Fig. 29.

Fig. 29. An odd number of reflections may be used. In thisfigure, prism ends have been attached and thereis
refraction between the external and internal angles.
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The amplifier will be oriented to the incident beam accourding to the mode number. Fig. 30 illustrates
the four modes when viewed in the coordinate system of the amplifier. Fig. 31 showsthat Modes 1 and 4 or
Modes 2 and 3 can be used to cause a reverse pass to follow the same path as the forward path. Fig. 30
illustrates combining Mode 1 and 3 so that the reverse pass has the zigzag reversed.

enter top 4 right enter top ‘right
hit right wall first hit left wall first
Mode 1 Mode 2
4 ’ Y

right right
enter bottom enter bottom
hit right wall first hit left wall first
Mode 3 Mode 4

Fig. 30. Modes for the zigzag amplifier drawn in the reference frame of the amplifier.

By selecting prism = 1, angled ends are included in the model.

The angle from the prism face normal to theray isl, the angle from the axisto theray isa, and the angle
from the axisto the prism surfaceis . All angles are positive for aright-hand rotation about the y-axistaken
in the x-z plane. See Fig. 33.

If the prism face is made shallower than the optimum folding configuration (an angle greater than
internal ray angle «), some light can reflect off the back side of the prism face to create parasitic rays that
will extract energy into an unwanted direction. To avoid parasitic reflection, the face angle £ should be
steeper than the internal ray angle, f>= ¢

In the prism zigzag routine, the units of the gain region Ax, are calculated from the initial beam units
AX,, theinternal angle a, and the face angle .

- ___LC_O§_|_)___AX (224)

9~ (coslgcosa) ©

where we havetheincident angle |, exiting angleto the surface normal |, and Snell’sLaw. The exiting angle
| isfound from:

for general faceangle 5, | = (- f) —90° (225)

Note that o — # may exceed 90° so that / takes on a positive value, allowing steep ray angles intercepting
the mirror walls.
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Mode 1, top, right

Forward pass

J k

; V4
J k 7 Mode 2, top, left

Fig. 31. The four modes for the amplifier define the orientation with respect to the incident beam. Note the ijk
designation of the beam coordinate system. The amplifier will be positioned relative to the incident beam according
to the mode number and the magnitude of the angle. The amplifier will lie in the i-k plane with the rotation defined
about the j-unit vector and rotation matrix R;. o isthe key word alpha and isrotation of the amplifier in thei-k
plane.

Thelight will enter top of the amplifier for Mode 1 or 2 and the bottom for Modes 3 or 4. Thelight will strike the
right wall first for Mode 1 or 4 and the left wall first for Mode 2 or 3. Thelight will follow the same path when Mode
4 follows Mode 1 (upper frame) or when Mode 3 follows Mode 2 (lower frame).

/5
&

Forward pass Reverse pass

and reverse pass (overlapped)

R;(180 + 1)

"\ Mode 3, bottom, right

Fig. 32. After Mode 1, Mode 3 may be used for the reverse path to flip the path in the amplifier so some undepleted
inversion isexploited. o is specified by the key word alpha and isthe rotation of the amplifier in thei-k plane.
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Fig. 33. The angle from the prism face normal to theray is|. The angle from the axisto theray isa. Th angle from
the axisto the prism face is 4. All angles are taken as positive for right-hand rotations about the y-axis when taken
inthe x-z plane. Asdrawn | <0, &> 0, 3 <0.

oA
Point 8 generates a R l- .......
stray reflection.

@ Prism face shallower than internal
@ ray angle a. Stray reflection gener-
ated. Face pivots about Point P.

Fig. 34. Making the prism face steeper than the internal ray angle ¢, will result in light in the upper edge of the
incident beam reflecting from the back side of the prism face. Thislight constitutes a parasitic mode that will extract
energy from the gain medium without contributing to the desired mode. Note that the prism face is considered to
pivot about the Point Pfor different choices of face angle. To avoid this parasitic mode, the prism face angle £ should
be equal in magnitude or steeper than ¢, |4 >= «, or the aperture should be masked to eliminate the the problematic
light.

for optimum folding faceangle «=—-4, | = 20— 90° (226)
Snell’sLaw, Ngsinly = Ngsinl (227)

Equations 225 or 226 with Eq. 227 allow usto cal culate |, and the cosine relationship Eq. 224 for conversion
of external optical unitsto gain units.

Brewster’'s Angle Example
For Brewsters's angle operation from air to index N, = 1.5, we have two solutions:

incident angle (air), 'oB(No =15) = atanNo‘N = +56.3099° (228)
0: .
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Fig. 35. Zigzag prism amplifier. From the internal ray angle a, the internal angle to the normal of the face| (the
exitingangle) isl = or— #—90°+, where Sisthe angle from the axisto the prism face. The optimum folding condition
(for maximum acceptance width and folding efficiency) is o= —. The entrance angle to the normal of the entrance
faceisfound from the exiting angle | and Snell’s Law | ,SinN,= IsinN,. We have the relation Axy = Ax/cos(a), where
Axg isthe sample spacing in the gain region and Ax is the sample spacing normal to the ray direction.

Ax= (Axycosl)/(cosly) and Axg: (Axgcosl)/(coslycosa) .

sinl,
exiting angle (glass), I(Ny = 1.5) = asin( N Bj = +33.6901° (229)
0 NO =15
The optimum folding angle at Brewster’s angle has the two solutions:
0° + | o o
(ax=-p) = (a = T) = o = 28.1550°, 61.8450 (230)

If the face angle Sisless than the magnitude of the ray angle ¢, there will be parasitic mode. This condition
issatisfied if | >0, o <= 61.8450° or if | <0, ar <= 28.1550°.
See examplelex12T, for illustrations of the use of the zigzag command.

Modifier 1 Description

/set Set halfwidth of sidewalls, length of gain region, integer number of sidewall
reflections, and repumping time. The angle of incidence against the sidewalls and
the number of propagation step is computed.

/list Liststhe current values (default).
/steps Number of stepsto be used. Zero causes all remaining steps to be compl eted.
/image 2D Image of optical beam of zigzag amplifier formed into square array "kout" at

current (or specified) step.
/propagation Controls diffraction propagation.

/noise Controls spontaneous emission for gain calculations.
Modifier 2 Description
list/layout Operational properties exclusive of global locations (default).
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Modifier 2 Description (Continued)
list/global Global properties.
/on Implement effect (default).
/off No not implement effect.
Numerical Values Description Defaults
koptical Optical beam that propagates.
kgain Gain array. Requires 3D, polarized definition.
width half Half width of separation of side mirrorsfor zigzag
amplifier, x-direction. Will be set to an integer number of
pixels.
height half Half height of side mirrorsfor zigzag amplifier. Mirrors
are assumed to be vertical. Will be set to an integer
number of pixels.
angle Angle of optical beam relative to the axis of the zigzag
amplifier. The top of the amplifier faces the incident
beam. The units of the gain region will be calculated
from the thisangle and theindex of refraction of the gain
region. Enter a positive value for the angle. The relative
direction is determined by mode.
reflections Number of reflections for zig-zag gain region. Assumes
the beam exitsin the center
time Time for pumping medium.
mode Controls propagation (in amplifier coordinate system): 1
1, Rj(—oc) , beam enters top and strikes right mirror first;
2, R(a), beam enters top and strikes left mirror first;
3, Rj(180 + o), beam enters bottom and strikes right
mirror first;
4, R;(180 - o) , beam enters bottom and strikes | eft
mirror first.
optical history Optical history array. Must match x-dimension of target
and the y-dimension must exceed the number of steps.
gain history Gain history array. Must match x-dimension of target and
y-dimension must exceed the number of steps and be
polarized.
prism 1, add prism ends, 0 no prism ends.
index Index of refraction of the gain region for the prism zigzag
amplifier.
face normal angle  Angle(deg) of the normal of the prism face from 90-angle

amplifier axis—positivefor aright-hand y-rotationinthe
x-z plane. By default the surface of the faceis matched to
the ray angle, so the angle of the prism face normal is
90° —angle. This achieves an acceptance width equal

to twice the gain width and gives best folding efficiency.
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ZONE

Numerical Values Description (Continued) Defaults
ncpu Number of CPU’sto be used. For arrays less than about 1

256 x 256. The default of ncpu = 1 will give the best

speed.
transmission 3D Transmission/phase array to be applied in the gain

coordinate system to include bulk absorption and phase
aberrations. It may have two polarization states. The
complex amplitude of thisarray is multiplied into the
beam at each gain step. The transverse x- and y-sizes of
the array must match the gain array kgain. If the z-size
islessthan that of the gain array, multiple steps are taken
in gain with the same transmission array before
advancing to the next transmission sheet. Transmission
and phase distributions should be setup to give the proper
effect when applied the actual total number of gain steps.
If theoptical array ispolarized and thetransmission array
is not, the transmission array is applied to both
polarization states of the optical array. Otherwise the
polarization states are matched up.

Systen Variable Data

Description

zigzag/width Half width of separation of side mirrors for zigzag amplifier, x-direction.
zigzag/adjusted Width adjusted to be an integer number of pixels plus on half pixel.
zigzag/height Half height of side mirrors for zigzag amplifier, y-direction.
zigzag/length Length of zigzag gain region.

zigzag/reflections

Number of reflections for zig-zag gain region.

zigzag/angle Angle of optical beam relative to the axis of the zigzag amplifier.
zigzag/beamunits X-units for beam in zigzag amplifier.

zigzag/gainunits Allow or restrict gain operationsin resonator/eigen/test.
zigzag/slantstep Propagation length per step along the angled optical path.
zigzag/straightstep Length per step along straigh through the zigzag resonator.
zigzag/position Current position along zigzag amplifier (pixels).

zigzag/pixel Current translation of beam relative to the center of the zigzag amplifier.
zigzag/totalsteps Total number of steps along the length of the zigzag amplifier.

ZONE Extend region of constant units. Propagation
Command Forms(s): ZONE

zone/list

zone/fix center halfw krefbeam

zone/xyfix xcenter ycenter xhalfw yhalfw krefbeam

zone/unfix

zone/in kbeam

zone/out kbeam
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Description: ZONE

GLAD will interpolate information in arrays of different sizes so that multiple beam interactions may
be calculated. The interpolation may introduce errors when the wavelengths are separated widely. The
zone command allowsthe user to control the algorithms so that arrays may be kept identical in size through
a focus region. zone/fix (or zone/xyfix) sets up the parameters of the zone region. The beam
krefbeam isused for determining the proper size of the beam outside the control zone. zone/in kbeam
caused the specified beam to be put under control. If the beam is interpolated to fit the correct beam size
whether inside or outside the zone of constant units. See Example Ex81. Theprop and dist commands
detect the zone mode and control the diffraction algorithms as if the boundaries specified were the Rayleigh
zone limits. Lenses and mirrors may not be implemented on a beam after zone/in is specified for that
beam. See Examples Ex19 and Ex81 . Outside the zone, propagation will result in the arrays changing size
linearly with their center of growth at the center of the zone. Inside the zone, the arrays keep the same size
they had at the array boundary. See Fig. 36.

o8 o
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% arrays o
<0 % match here &
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array halfwidth i §
under zone control AN e ~
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Fig. 36. The upper sketch shows the half-width of the array under both surrogate gaussian and zone control. Under
surrogate gaussian control, the array scaleslinearly with distance from thewaist if outside the Rayleigh rangeandis
constant inside. Under zone control, the beam scales linearly with distance outside the zone and is constant inside.
The two system have identical array sizes at the most negative boundary of constant zone units areidentical. The
lower sketch shows the halfwidth of the array as a solid line, under zone control, when the zone /in and
zone/out commands are implemented at the axial points shown.
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. . xcenter — Zwaist — xhalf
inner region AX = A(Zstart) etart . Zwaist (231)
outer region AX = A(Zstart)Xcenter —Zwaist— xhalf (232)

Zreff — Zwai st

where Zstart is the position at which the zone is defined and Zreff is the current position. For an image
formed by alens of focal length f and starting units A(Zstart), we can set the zone so that the units are
never less than the value at the waist. Set center to the waist position and

-3

halfw= NA (233)
Modifier 1 Description
list List zone parameters.
/Eix Defines zone parameters (identical for X and Y).
/xyfix Defines zone parameters (may be different for X and Y).
/unfix Clears zone definition.
zone/in Puts specified beam under zone control. The beam is interpolated to the proper

size.

zone/out Ends zone control of specified beam. The beam isinterpolated back to the sizethe

beam would have been if the zone/in command had never been used.

Numerical Values Description Defaults
kbeam Single beam number. 1
center Center of zone of constant units. 0
halfw Halfwidth of the zone of constant units along the axis. 1.
krefbeam Beam to be used to specify the array size under zone control and 1
outside the zone of constant units.
xcenter X-center of zone of constant units. 0.
ycenter Y-center of zone of constant units. 0.
xhalfw X-halfwidth of the zone of constant units along the axis. 1
yhalfw Y-halfwidth of the zone of constant units along the axis. 1
EXAMPLE

The following exampleillustrates use of the zone command. The commands are taken from Example
19, which performs a through-focus Raman interaction. The zone is specified at the focus of the lens and
the halfwidth is set to the Rayleigh length of the 1.06 beam.

nbeam 2 # Define two beams

color 1 1.06 # Define wavelength of pump beam
color 2 1.54 # Define wavelength of seed beam
array/set 0 16 # Set arrays to 16x16

units 0 .35 # Set units

gauss/cir/con 1 1.0 1.0 # Define pump distribution
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gauss/cir/con 2 0.01 1.0 # Define seed distribution
lens 0 30.
zone/fix 30. .0303652 # Define waist zone
prop/zproj/abs 29.70241
zone/in 1 # Beam 1 under zone control
zone/in 2 # Beam 2 under zone control
(propagation and Raman commands in zone)
zone/out 1 # Beam 1 released
zone/out 2 # Beam 2 released

ZREFF

Propagation

ZREFF Current location of beam along chief ray.
Command Forms(s): ZREFF

zreff/list ibeams

zreff/set ibeams zreffn [list]

zreff/save ibeams

zreff/restore ibeams

Description: ZREFF

Positions beam at Zreff = zref £n. If given with no parameters, lists current val ues.

Modifier 1 Description

/set Sets the reference position (default if parameters are given).
/list Lists the current reference position (default if no parameters).
/save Save the current position.

/restore Restore the position.

Parameter Description

list List values when they are changed. Default is not to list changed values.
Numerical Values Description Defaults
ibeams Beam number (O to select all beams). 1 tonbeam
zreffn Beam position.
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A
ABCD operator 61
aberration
atmospheric 63, 240
GRIN 63
piston 241
random 63
Seidel 66
smoothed 242
Zernike 67
adaptive optic mirror 69
dias 32, 39, 71
amplifier 329
angular spectrum propagator 108
aperture 95
general 96
high numerical 171
array 73
atmospheric aberration 240
Kolmogorov 240
autocorrelation 75
average radial profile 116
axicon 63-64, 73, 7582, 225

B

bandpass model 69
Beer'sLaw 83
bell 85
binary 86

lenses 86
birefringence 304
blooming

target 300

breaks 40

C

C0O2 98

color 246

convolution 100

crystal 105
uniaxial 105

cube corner reflector 103

D
debug 106
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derivative 107
diffraction
vector 171

diffraction propagation 108
dipole projection 171

E

encircled energy 116
Euler angles 271

F

flip 136

focus 136

Fourier transform 100, 281, 289
four-wave mixing 324
Franz-Nodvik 98

frequency doubling 109
full-width-half-maximum 126

G
gain
coheretn pulse propagation 156
rate equation 142
semiconductor 154
sheet 159
three-level 140, 148, 152
gaussian
embedded 123
half 170
Hermite 171
lagurre 190
surrogate 162

global

vertex 320
global coordinate system 165
Goos-Hanchen 189
gradient index lens (GRIN) 63
grating 65, 86, 166
Green's function 304

H

help 170

Hermite-gaussian 171
Highlighting source text 24
homogenizer 172



HTML 25, 174, 295
Hyperlinks 19

integrate 183
inverse 185

K

Keyread 343
knife edge scan 128
Kolmogorov 63

L

Lagurerre-gaussian 171
laser gain 138
lensarray 193
Lorentzian 212

Ivalue 32, 36

M

Manley-Rowe 110
material
cubic 304

isotropic 304
monitor window 25, 314

N

noise 226
smoothed 226

normalize 227

O
obscuration 228

optical parametric oscillator 229
optical transfer function (OTF) 233

optimization

damped least squares 231

P
parsing 31
phase conjugate mirror 99
phase poles 263
phase unwrapping 263
photoelastic tensor 304
polarization
aberration 186
surface effects 188

polarization status 73
propagation 267
angular spectrum 108
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R

radial mode 64
Raman 269, 324
transient 270

rate equations 142
regedit.exe 40

Registry 40

resonator 276

rich text format (RTF) 18
rod 279

roof 280

rotate 280, 293

rvalue 32, 36

S

Seidel aberration 66

self focusing 287

sinc function 289

dlit scan 131

spatial spectral dispersion (SSD) 295
standard atmosphere (STP) 88
STARTUPfile 73

station number 295

Stokes 269270

Strehl ratio 297

sum frequency generation (SFG) 286
surrogate gaussian beam 328

T
table 299
thermal 302
thermal blooming 87
thermal expansion
coefficient 306
time
elapsed 306
title 307
traceback window 24
transpose 120, 308
transposes 308

U
uniformity 311

V

variable monitor window 25, 314
vertex 320

Von Karman 240



\W

wavefront
rms 279, 297, 320
variance 320
waveguide
slab 290
Woods, A. D. 88
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Y
Y oung's Modulus 304, 306

Z

Zernike aberrations 67
Zernike polynomials 131
zigzag 329

zigzag amplifier 329
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4. Security Key

When installing GLAD on a new machine, install the code before installing the dongle. Install the
software from the AOR distribution CD and be sure to select “ Sentinel key driver”, so that the key driver
software will be setup properly. If the key driver softwareis not installed, GLAD will not recognize the key.
Repeat this process to install GLAD on any other computer. Your license permits you to install GLAD on
as many machines as you like. Simply move the security key to the computer you wish to use. If you have
files from an instalation on another computer that you want to copy to a new machine, do so after
installation from the CD.

The security key (dongle) will retain its password permanently. No modification of the key is needed
when it is used on a new computer. The key is set to operate in temporary mode when it is shipped. In
temporary mode the key will operate with full capabilities, but for a limited amount of usage. When the
registration for GLAD and payment is received by AOR, the permanent password and instruction will be
sent. The label for a key in temporary mode is “GLAD demonstration key”. When the key is set to
permanent status, the Customer will select anew label. Damaged keys will be replaced. Lost keys will not
be replaced, so protect and/or insure your key just asyou would any other piece of equipment of comparable
value.

Keyread.exe isadiagnostic program to set the security key and to test the key independently of GLAD.
Run keyread.exe through Windows. Start, Run, “ C:\program files\aor\glad57\keyread.exe” . Substitute your
actual installation directory for “C:\program files\aor\glad57”. You may also run keyread.exe from GLAD
with the GLAD command “privilege/keyread” . See the description of the command privileges.

Installation from the CD sets the Windows registry so that the location of glad.exe and watch.exe are
identified and establishes *.inp and * .plt with ide.exe and watch.exe respectively.

You may request the latest version of the GLAD installation CD at any time within the one year period
of technical support. Both the permanent licensed version and the demo version of GLAD are supported by
the same installation CD. The behavior of the program changes according to whether GLAD finds avalid
key. If no key isfound, GLAD will operate in superdemo mode, for alimited amount of usage.
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5. Installing GLAD

| mportant. Please do these three steps:
1) Install GLAD from the CD ROM before installing the dongle (security key).
2) Attach the dongle to a USB port.
3) Register the software. Thank you.

Registration

GLAD isready to run when it is received, so you can begin working immediately in temporary mode
that will last a month or so under typical use.

You will need a password to set the security key to permanent status for a new purchase or to upgrade
the version level. AOR need registration of the key to prepare the password for your key.

To register your copy of GLAD, Run the command privilege/register, enter the requested
contact information. Email the resulting registration file, as an attachment, to glad@aor.com, fax to 1 360
2250347, or send by regular mail. When the registration is received and payment has been made, AOR will
send the password and installation instructions by return email or fax.

How torun GLAD

From the main Windows menu select Start, Programs, GLAD 5.8, GLAD IDE. The GLAD Users Guide
(quide.pdf) will pop up when GLAD first runs. Also, in this Commands Manual, see Sect. 1.3, “Using
GLAD", page 16.

First L ook
For aquick look at some popular examples, select “Demo” from the main menu. Also, look through the
GLAD Examples Manual (examples.pdf) accessible from the “Help” menu item.

System Requirements
GLAD requires Microsoft Windows 2000 (or higher), 20 Mbytes of disk space for GLAD, 80 Mbytes

of disk space for the online documentation. A USB port is required for the security key. Adobe Acrobat
Reader 7.0 is required for viewing the *.pdf files—available on the GLAD CD or from www.adobe.com
(free)

s See previous page for more information
about the security key.
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	2. Command Descriptions
	ABCD General ABCD paraxial operator. Operator
	ABR or ABERRATION Aberrations. Aberration
	ABERRATION/GRIN Gradient index aberration. Aberration
	ABERRATION/RADIAL Special radial aberrations for axicons. Aberration
	ABERRATION/(ripple) Adds phase grating. Aberration
	ABERRATION/(Seidel) Adds Seidel aberration. Aberration
	ABERRATION/ZERNIKE Adds Zernike aberration. Aberration
	ADAPT Adaptive mirror model. Component
	ADD Adds beams coherently or incoherently. Operator
	ALIAS Builds a table of alias names. Language
	AMPLITUDE Takes square root or real part of distribution. Operator
	ARRAY Defines beam array size and polarization state. Begin-end
	AUTOCORRELATION Calculates autocorrelation. Operator
	AXICON Axicon elements. Component
	BEAMS Turns on/off beams for global commands. Propagation
	BEER Beer's Law saturated gain. Laser gain
	BELL Rings bell. Language
	BINARY Binary optics. Component
	BLOOM Atmospheric thermal blooming. Aberration
	BLOOM/ALTITUDE Sets altitude information for BLOOM. Aberration
	BLOOM/PROP Propagate with thermal blooming. Aberration
	BLOOM/SET Set atmospheric blooming parameters. Aberration
	BREAK Implements a break point for debugging. Language
	C, CC, or COMMENT Line comment (displayed in output Language
	CLAP Implements a clear aperture. Component
	CLAP/GEN Implements a clear aperture of general shape. Component
	CLEAR Reset all points in array. Begin-end
	CO2GAIN Frantz-Nodvik CO2 gain for pulsed systems. Laser gain
	CONJUGATE Conjugates the beam. Operator
	CONVOLVE Convolves beam with a smoothing function. Operator
	COPY Copies one beam to another. Operator
	CORNERCUBE Corner cube reflector. Component
	COSINE Single cycle of cosine irradiance. Begin-end
	CRYSTAL Anisotropic medium for propagation. Component
	DATE Displays date and time. Language
	DEBUG Controls diagnostic information for internal AOR use. Language
	DECLARE Assigns names to variables (also see variables command). Language
	DERIVATIVE Take spatial derivatives. Operator
	DIST Propagate assuming simple optical axis (see prop). Propagation
	DOUBLE Frequency doubling. Component
	ECHO Controls echo of input commands to the output. Language
	EDIT Control GladEdit windows from command lines. Language
	ENCIRCLED Calculates encircled energy. Diagnostics
	END End and/or restart GLAD. Begin-end
	ENERGY Calculate the total energy (or power). Diagnostics
	EXIT End and/or restart GLAD. Begin-end
	EXTRUDE Extrudes a 1D distribution. Operator
	FIBER Initalize with an analytical fiber mode for step index fiber. Begin-end
	FIELD Displays table of complex amplitude values. Diagnostics
	FILELIST Lists the open beam files. Diagnostics
	FITBOX Fit bounding box at specified level. Diagnostics
	FITEGAUSS Fit embedded gaussian from M2 theory. Diagnostics
	FITFOCUS Fits and/or removes focus and astigmatism. Diagnostics
	FITFWHM Fit full-width-half-maximum to distribution. Diagnostics
	FITGEO Calculates beam width by average radius Diagnostics
	FITKNIFE Fit beam width by knife-edge test data. Diagnostics
	FITLEVEL Fits beam width to level of energy or intensity. Diagnostics
	FITMSQUARED Calculates beam width and M-squared. Diagnostics
	FITPHASE Fits tilt, focus, and astigmatism. Diagnostics
	FITSLIT Fits beam width from slit response curve. Diagnostics
	FITZERN Fits Zernike polynomials to wavefront. Diagnostics
	FLIP Flip the distribution in the array. Operator
	FOCUS Find or move to paraxial focus or waist. Operator
	FUNCTIONS Various operators on beam data. Operator
	GAIN Laser gain. Also see BEER. Laser gain
	GAIN/GTHREE Rate equation gain for general three level atom. Laser gain
	GAIN/RATE Rate equation laser gain. Laser gain
	GAIN/RUBY Rate equation gain for ruby laser. Laser gain
	GAIN/THREE Rate equation gain for three level model. Laser gain
	GAIN/SEMICONDUCTOR Semiconductor gain. Laser gain
	GAIN/COHERENT Coherent pulse propagation-short pulses. Laser gain
	GAIN/ABSORBER Saturable absorber. Laser gain
	GAIN/SHEET Gain sheet formulation for multiple beams. Laser gain
	GAUSSIAN Set beam to gaussian function. Begin-end
	GEODATA Output table of surrogate gaussian properties. Diagnostics
	GLASS Properties of optical glass for Lensgroup. Component
	GLOBAL Initialize global positioning. Positioning
	GRATING Diffractin grating. Component
	HALFGAUSSIAN Gaussian with different left and right sides. Begin-end
	HELP Activates text-based Help (see PDF manuals). Language
	HERMITE Initialize beam to Hermite polynomials. Begin-end
	HIGHNA High numerical aperture lens. Component
	HOMOGENIZER Beam homogenizer. Component
	HTML Control HTML viewer. Language
	IF Logical branching in the command file. Language
	INFILE Reads beam data from an external file. Input-output
	INITIALIZE Reinitialize to starting condition. Operator
	INT2PHASE, INT2WAVES Converts irradiance to phase screen. Operator
	INTEGRATE Integrates intensity or amplitude. Operator
	INTENSITY Makes table of irradiance values. Diagnostics
	INTMAP Simple integer intensity map. Diagnostics
	INVERSE Calculates inverse of beam distribution. Operator
	IRRADIANCE Takes absolute value squared of beam data. Operator
	JABERR Jones calculus polarization aberrations. Aberration
	JONES Jones calculus operations. Operator
	JSURF Fresnel transmission and reflection coefficients. Component
	LAGUERRE Initializes beam to Laguerre-Gaussian. Begin-end
	LENS Implements ideal lens. Component
	LENSARRAY Array of lenses. Component
	LENSGROUP Exact ray tracing analysis of lenses and mirrors. Component
	LENSGROUP/APPEND Adds a lens deck file to the lens library. Component
	LENSGROUP/BUILD Build the physical optics equivalent of a lens. Component
	LENSGROUP/DEFINE Define a lens group. Component
	LENSGROUP/RUN Implement the lens group. Component
	LENSGROUP/TRACE Single ray, fan, and spot traces of lensgroup. Component
	LINE Display source line number. Language
	LORENTZIAN Initialize beam with generalized Lorentzian function. Begin-end
	MACRO Controls macros of commands. Language
	MAGNIFY Applies magnification to the beam. Operator
	MANUAL Open PDF document from command line. Language
	MEMORY Sets properties of dynamic memory allocation. Begin-end
	MIRROR Ideal mirror. Component
	MIRROR/GLOBAL Mirror with global positioning and aberration. Component
	MULT Multiply the beam by a constant or another beam. Operator
	NBEAM Resets the number of active beams. Begin-end
	NOISE Sets properties of dynamic memory allocation. Component
	NOOP Do-nothing command. Language
	NORMALIZE Normalizes non-zero values in beam. Operator
	OBS Implement obscuration. Component
	OPO Optical parametric oscillator. Laser gain
	OPTIMIZE Damped least squares optimization. Language
	OTF Optical transfer function. Diagnostics
	OUTFILE Writes beam data to file. Input-output
	PACK Packs data for some nonlinear optic command. Propagation
	PARABOLA Makes parabolic intensity distribution. Begin-end
	PAUSE Pauses until user hits [ENTER]. Language
	PEAK Sets and displays peak irradiance. Operator
	PHASE Piston and random phase aberration. Aberration
	PHASE/KOLMOGOROV Atmospheric aberration, Kolmogorov model. Aberration
	PHASE/PISTON Adds piston aberration. Aberration
	PHASE/RANDOM Adds smoothed random phase. Aberration
	PHASE/SCREEN Adds smoothed random phase (quick). Aberration
	PHASE2INT Converts phase distribution to intensity distribution. Operator
	PIB Power-in-the-bucket calculation. Diagnostics
	PLOT Various graphics. Diagnostics
	PLOT/BITMAP Several styles of bitmap plots. Diagnostics
	PLOT/CONTOUR Several styles of bitmap plots. Diagnostics
	PLOT/ELLIPTICAL Plot of polarization using elliptical display. Diagnostics
	PLOT/HISTOGRAM Histogram of irradiance values. Diagnostics
	PLOT/ISOMETRIC Cross-hatch isometric. Diagnostics
	PLOT/LISO Single-direction scan isometric plot. Diagnostics
	PLOT/ORTHOGRAPHIC Plots with variable size diamonds. Diagnostics
	PLOT/PLOT_LOG Direct control of watch.dat data. Diagnostics
	PLOT/UDATA Plots data in UDATA arrays. Diagnostics
	PLOT/VECTOR Plot polarization with vectors in complex plane. Diagnostics
	PLOT/XSLICE Plot a slice through x-direction. Diagnostics
	PLOT/YSLICE Plot a slice through y-direction. Diagnostics
	PLOT/ZIGZAG Plot configuration of zigzag amplifier. Diagnostics
	POINT Set or display values at a point in an array. Diagnostics
	POLES Calculate number of phase poles. Diagnostics
	POPTEXT Display data in popup windows. Language
	PRIVILEGES Display and set privileges. Code and key information. Language
	PROJECT Project sum of irradiance along y onto a single row. Language
	PROP Diffraction propagation in global coordinates. Propagation
	RAMAN Raman scattering model. Laser gain
	RAMAN/TRANSIENT Transient Raman model. Laser gain
	RAY Set global position and direction. Positioning
	READ Select device from which to read commands. Input-output
	REAL2PHASE, REAL2WAVES Real part converted to phase. Operator
	RESCALE Rescale the beam distribution in the array. Operator
	RESONATOR Set up and run resonators. Language
	RMS Calculates wavefront rms. Diagnostics
	ROD Calculates effect of circular walls. Component
	ROOF Roof prism. Component
	ROTATE Rotate distribution in the array. Operator
	SAMPLING Check for adequate sampling and aliasing. Diagnostics
	SERVER Controls and lists server mode status. Language
	SET Set various system values. Begin-end
	SFG Sum frequency generation. Laser gain
	SFOCUS Self-focusing. Laser gain
	SHIFT Shift distribution in the array. Operator
	SINC Define sinc function. Begin-end
	SLAB Various commands for waveguide slabs. Component
	SNOISE Spontaneous emission noise for RRAMAN (obsolete) Laser gain
	SPIN Expand diagonal into rotationally symmetric function. Operator
	SPLIT Divide aperture into complementary parts. Operator
	SSD Calculate spectral dispersion due to EO modulation. Component
	STATION Marks HTML output with station number. Language
	STATUS Gives status information on the beam(s). Diagnostics
	STREHL Calculates Strehl ratio. Diagnostics
	SURFACE All propagating beams move to global position. Positioning
	SYSTEM Call system operations outside GLAD. Language
	TABLE Reads a table of user-defined values. Language
	TARGET Controls target movement for BLOOM command. Aberration
	THERMAL Finite-element thermal modeling. Component
	THRESHOLD Set low irradiance values to zero. Operator
	TIME Measure elapsed time. Language
	TITLE Defines the plot title. Language
	TRANSPOSE Transpose the array. Operator
	UDATA Create and display summary plots. Diagnostics
	UNIFORMITY Calculate irradiance nonuniformity. Diagnostics
	UNITS Set and display sample spacing. Begin-end
	VALLEY Computes minimum irradiance in array. Diagnostics
	VARIABLES Declare, set, and monitor variable values. Language
	VARIANCE Calculate wavefront rms error. Diagnostics
	VERTEX Controls vertex location and rotation. Positioning
	VERTEX/LOCATE Specify vertex location in global coordinates. Positioning
	VERTEX/ROTATE Specify vertex rotation in global coordinates. Positioning
	WATCH Controls Watch.exe from command line. Language
	WAVE4 Four-wave mixing. Laser gain
	WAVELENGTH Set and display beam wavelength. Begin-end
	WAVES2INT Wavefront is transformed to intensity. Operator
	WRITE Control writing of output data. Input-output
	ZBOUND Position and size of Rayleigh range. Diagnostics
	ZIGZAG Zigzag amplifier Component
	ZONE Extend region of constant units. Propagation
	ZREFF Current location of beam along chief ray. Propagation
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