Setting up a Wave-0ptics Model:
Modeling a Gaussian Beam to a Focus

Justin Mansell, Ph.D.

1
jmansell@mza.com Public Use



* The goal of this effort Is to outline the

procedure for setting up a basic model In
WaveTrain.

« We'll use the case of propagating a
Gaussian beam to a focus as an example
because It Is simple enough to have an
analytical solution against which we can
compare our results.
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Analytical Solution

¢ Setup:
— 1-mm walist
Gaussian
— 1 m focal Iength For a circular aperture (for comparison):
lens
D, =244 % —2.44 Am)EM) 1 5omm
— 1 um wavelength Dy (2mm)
For a Gaussian:
L AM)(E4) _ 6 318mm
MWyee 77 (1MM)
Dyt & 2Wp, = 0.637mm
3 —
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WaveTrain Model Setup

1. Determine the propagation mesh and
method of propagation.

2. Setup the model.
3. Analyze the results.
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« Wave-optics models light as a 2D grid of >
complex numbers which represent
magnitude and phase of a beam of light.

— This grid is specified by the sample spacing (0)
and the number of samples in one dimension (N).

« WaveTrain uses a convolution propagator \ /
(see J. Goodman’s Fourier Optics Ch. 4)
which involves a 2D Fourier transform of the
field, multiplication by a propagation kernel,
and then a 2D inverse Fourier transform.

— This is sometimes referred to as a 2-step
propagator
— Itis done this way to control the mesh spacing in

a way that a simple 1-step propagator does not
allow
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* When choosing mesh parameters for wave-optics
modeling, Nyquist sampling theory needs to be applied
to not only the amplitude, but the phase as well.

« We have derived equations for determining the mesh
parameters based on the propagation setup.

— The propagation setup requires specifying a diameter of interest
In the first and final planes, a wavelength, and a distance
between the two planes.

— We have also included the capability of including the effects of
atmospheric aberrations, but the problem we are addressing
here does not require this capability, so it will not be substantially
addressed here.

* These relationships are codified into an Excel worksheet
that we will introduce later.
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 The 2-step Fourier propagation as described above is
done relative to a planar wavefront reference, which
enables the mesh spacing to be preserved.
— This is called plane wave propagation (PWP).

* In some problems, like propagation to a focus, it makes
sense to propagate relative to a reference curvature for
two reasons:

— This allows the mesh sample spacing to be changed during the
propagation.
— This reduces the number of mesh points required because the

curvature is no longer required to be represented on the mesh
(again Nyquist sampling requirements).

« This is called spherical wave propagation (SWP).
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 MZA provides for
free on its website
a worksheet for
calculating the
mesh required for
a given
propagation.

We will be working
with a simplified
version of this
worksheet shown
on the right.
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Wave-Optics Propagation Geometry Tool

Basic Inputs Color Key
h 1.03E-06 user input
hz 2000 advanced input
O, 0145 calculated
O, 027

Basic Turbulence Inputs

Churt 3

o1 oos

T2 0os

Advanced Turbulence Inputs Calculated

By e 0.0000618 0 B.18E-05

B2 biur 0.0000618 1 & 18E-D5

o, 0.3972 02736

o' 0.3936 0.393R

Two Step DFT w/o

Receiver

Eiltering
Minimizing N
B, = 0.00261687
B, = 0002593152
Wz 303 8687 7RT
NFFT= q12
Plane Wave o
0y=0; = 0002604957
By=0,= 0002
= 4552
NFFT= A12
General
B, = 0.001
By < (dependent) 0.004195368 ey
B, = 0.001
By < (dependent) 0.004224553
= 142654
Mepr= 2048
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Wave-Optics Propagation Geometry Tool

Basic Inputs ~ Color Key
A 1.00E-Ok user input
fird 1 advanced input
O, 0006 calculated
0., 0006
Basic Turbulence Inputs The top of the
Churt L sheet has inputs
o1 005 in blue squares.
M 0045 D
— Definitions:
Cturb = 0 A = wavelength (m)
because we B o
have no gz : Propflngltlont |stz;1cn_0(: (m)t
turbulence in , = inpu |a_me ero |n_ erest (m)
: D, = output diameter of interest (m)
this case.
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C. = turbulence capture factor (O to 4)

I, = Fried's coherence length as seen from the input aperture (m)
I, = Fried's coherence length as seen from the output aperture (m)
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 We use the fast Fourier transform (fft) to
Implement our propagator in WaveTrain,
which requires that the number of pomts
be a power of two.

— The Ng parameter is the nearest power
of two.

- There are three different propagation
parameters given in the worksheet:

— Minimizing N - choose these parameters
to minimize the number of samples
required.

— Plane Wave - choose these parameters to
get proper sampling for a planar reference
wave propagation.

— General - these parameters provide the
user the ability to pick both the mesh
sample spacing in the input and output
planes, but checks them against the
minimum sample spacing in each plane to
ensure proper sampling. This is good for
trying to have one propagation match the
next propagations mesh.
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Minimizing N

f, =

B =

M o=

Mepr=

Plane Wave
0y=0y <

0y =8;=

M o=

Mepr=

General

b=

B < [dependent)
0, =

0y = (dependent)
M =

Meer=

Two Step DFT wio

Filter;

8.33333E-05
8.33333E-05
144
250

8.33333E-05

8.30E-05
144 8686312
25k

8.00E-05
8.bbbE/E-05
8.00E-05

8.6bbEYE-05
153.125
250



* Because the beam does not significantly
change size during the propagation, we
chose to start with a plane wave
propagation (PWP).

« Based on the worksheet results, we chose
to use the parameters from the minimizing
N, which were plane wave (0,=0,)

— N =256
— 0 = 83um
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setting up the WaveTrain Model
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* We are presenting here one way of setting
up this model.

 Other tutorials are available that describe

other ways of doing this same type of
model setup
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Open the System Editor

* Open the tve & click on the © tve SN[l P

system editor icon. = 7

* This should open up the following
window:

5
MNewSystem:: Hierarchy status: @]  System status: @]
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Add a Source 1/3

* Right click in the

window and choose

“Add SubSystem”,
“System in Library”,
and then choose
your wtlib directory.
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& Editing: NewSystem (unspecified path)

File Edit Navigation View Status Options Window Help
DR z=a X a0l »eg (0 FDRAA

Up one level L

Praperties of NewSystem 1
Paste 1
=] System in Library  * ChAMZAwavetrainy 20001 1vwtlib
Add Input System in Directory *  cmzawavetrainy2000.11hcanlib
Add Output Browse ... cimzawavetrain2000.11hicanlibh
Add Parameter L Z 00011 Huitlity
Add Note | o
Help B R
Set Connections Color L |
<
MewSystern Hierarchy st

T —
— B
— — —



Add a Source 2/3

 Choose “GaussianCWLaser” from the list
of files.

& Editing: NewsSystem (unspecifie - o] x|
File Edit MNavigation “iew Status Options Window Help
N d B 20 »eg 58D RA
N I R R i
& Add Subsystem X[
™ Show only Top Level systems ]
Lockin: [ wiib AElsHBEE |
@ FpaProcessing2.tad @ HartrmannwisProcessing tsd @ IncomingCor | - - ool DTl
@ FtowF.tsd @ HartWfsSTP.ted @ IncomingMlipp | ..o
@ Gain.tsd @ Idealizedwifs. tsd @ Incomingspl | © 0Tl
* GalssianCwlaser, tsd @ IncoherentDisc. tsd @ Incoming=pit | - oo T
@ Generalbtmosphere.tsd @ IncoherentReflector.tsd @ IndexVF.td L
@ HartmarnwisDft. tsd @ IncoherentSource. tsd @InstantaneoL | oo
4 r 12 B R AR USRS
Flo pame;  [caussianCuLaser 5 gpen | |:ooiiiiiiiiiiiiiinn
Flles of type: [system Classes w | Deanea [ |

MewSystem:: Hierarchy status: @]  Systerm status: @|
19 —
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Add Source 3/3

’ Place the Source On the @ Editing: NewsSystem (unspecified path)
left part of the screen. File Edit Navigation View Status Options

ezl 2R 3 E2E »wg|E

* Show Its
— Inputs, 2
— outputs, and 7 :f_:___r md ;
— parameters Eﬁ;ﬂm :
by clicking on the |
images below the grey |ime g :

boX.
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EXposing types, names, and values

d SometlmeS the SOftware IS Ieft & Editing: Test (C:‘Simulations'test)
In a state where the data type, File Edit Navigaton View Status Optons Window rep
name, and/or value has been SELETIESIEFIES SYEIEFEYY
hidden from view. 1d
« To expose these for inputs,
outputs or parameters, click on
the 10 icons on the toolbar. | toolbars
* A menu of icons will drop down. :
The rows correspond to the title title bar Ij —tJ F
bar, the inputs, the outputs, and :
the parameters respectively. nputs !I “ m H

The columns correspond to
hiding and showing the list,
types (t), the names (n), and
values (v).

outputs

parameters

9ply / moys I! I!

sadAy = =

sawreu a a
sanfen H
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* Use the same technique to add a
PropagationController.
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& Editing: Newsystem (unspecified path) - modified — |I:I|£|
File Edit MNavigation “iew Status Options YWindow Help
B8 xH 0 »wg 5 #6388
.................................................................................... .
o mem o meEL
R . Ersewenermeswy
........ \Era‘reTrajnmnﬁﬂed
- | float power -| GridGeomeiry targetGrid grid with origin on_meshipropnxy,propdxy) | - - - - - - -
- | float wavelengith | float xReferenceFocus L
. | float apertureRadius | float yReferenceFocus 0.0 ]
. |float annulusRadius 0.0 | const Filter& one Time SpatialFilter NullFilter() C ]
" | float sigma (aperiureRadius *(6.0/7.00) | | const Filter&: spatialFilter NullFilter() L
" | float gridWidth | comst Filter& absorhingBoundary  NullFilter() S
“|int  gridDim ‘| PointSourceModel pointSourceModel — DEFAULT PSM oo
. |SpeckleModel  speckleModel DEFAULT_SM D
O A " SEREL Y DiaTEIE, SR
S O DD - pdzesigma L] Ll
............................. hool useDispersion false L
............................. float mnﬁnﬂl“fmlengﬂl n.n L
e R
< | | b
MNewSystem:: Hierarchy status: @] System status: @]



GCommentary on
PropagationGontrolier

* The PropagationController allows you to
specify various properties of the light
model including mesh parameters.

 Every source needs a
PropagationController between it and a
sensor.

— It Is best to put the PropagationController just
after the source.
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* The parameters list for each S
component specifies the type of S L
parameter, the parameter

name, and the parameter

value.

« Click on the area to the right of ' [GridGeometry  targetCrid R
the parameter name (the | float e ir
parameter value) to get a dialog  : : |fiat yReferenceFocus 0.0
box for editing It. " |constFilier&  oneTimeSpatialFilter NullFilter(

+ Start by changing the e e ot
‘t‘argetG rld paramﬁter Value to PointSourceModel pointSourceModel  DEFAULT PSM

gwoom(nxy’dxy) ) " | SpeckleModel specllehlodel DEFAULT SM

« Upon pushing enter you will - | foat superspDiameter 0.7 nxy*dxy
see the screen on the next slide - - |float edgeSigma 0.0
pop_up_ . . hool useDispersion falze

- | float nominalWavelength wavelengih

24 ————— 1 ———
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« Change the nxy type to int — -
from float. oo i)

Type Mame | Yalie | Drescription
 Enter a value for nxy of _m T ~

256.

« Enter a value for dxy of
83e-6.

« Push enter after each enter
or the values will not be
registered.

* Click on the "Add add
Parameter” button twice
(once for each of them) to
add them as System Add As Parameter| Define Symbol| Choose Symbol| Ignore| Restore| Cancel| Help|

parameters.
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* Using the same S I N

______________ N SR
procedure_, change the e
superApDiameter to S
O_7*nxy*dxy_ - |GridGeometry  targetGrid gwoom(nxydey) | -

- float xRBeferenceFocus 0.0 B
» Change the | comtFexs. eneTimespatatFtes Nt

nominalWavelength to [ e oesmdomisy Namio |

a new parameter e e |
called wavelength,  fon oeetiplimne 2lwwly

and set its initial value ;ﬂ‘ ________ n“;;g;;h m;ﬂ;h - B

to 1.0e_6. .....................................

26 Ba——ae
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GaussianCWLaser Parameters

« Set the power to 1.0.

* Right click on the
wavelength parameter
and choose “Elevate”.

— This will link the
wavelength of this

component to the same Vot s

as the value specified
forthe
PropagationController.

« Set the remaining
values to those
specified on the right.

/ float sigma L.0e-3

|int  gridDim

- | float power 1.0
. float wavelengih wavelength o
| float aperture Radius 1.0 L
.| float annulusRadius 0.0

| float gridWidth nxy *dxy
© ' |int  gridDim nxy

07 e R
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* Drag the tip of the “transmitted” output from the
GaussianCWLaser to the “incident” input on the
PropagationController.

----- WaveTrain transmitted Wave Train transmitted

- | float power w | GridGeometry  targetGrid awoomfnoydxy)y |
. .| float wavelength  wavelength | - - . - . . . . . . . |float xReferenceFocus 0.0 S
::ﬂnataperturelhﬂiusl.l] S| feat yReferenceFocus 0.0 R
_ | float annulusRadius 0.0 S 00000 | const Filtend& oneTime SpatialFilter MullFiltex() S
. .| float sigma L0e-3 o ... ... ... |constFilter& spatialFilter NullFilter(y S
| |float gridWidth  mxysdxy | 0 |constFilter&  sbsorbingBoundary ~NullFilter() R
o |imt  gridDim nxy © | PointSourceModel pointSourceModel ~ DEFAULT PSM |~
ol |SpeckleModel  speckleModel DEFAULT SM |
LI (feat superspDiameter  0.7*nxy*dxy S
................................. float edze Sigma 0.0
s hem useDispersion false S
N B e nominalWavelengih wavelengith S

28 ———————
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Your system should now look like this:

& Editing: Newsystem (unspecified path) - modified — |I:I|£|
File Edit MNavigation “iew Status Options Window Help

e =268 0 »eg |5 HdA8 R
.................................................................................... .
. =me= - me@3e[
R . Eeeeweewmeswy
........ “"alfeTl‘a.i.l'lt[‘aJlsnﬁﬂeﬂ
..... float power 1.0 - ... | GridGeomeiry targetGrid gwoominxydxyy |-
..... ﬂga‘[mre]gngﬂ'l mre]gngﬂ'lﬂga‘[ xBeferenceFocus n.n
.. .. .|float apertureRadius 1.0 o float yReferenceFocus 0.0 L
... _|float anmulusRadius 0.0 ~ ... ... ... |constFilter& one Time SpatialFilter NullFilter() Ll
© | float sigma 10e-3 ST | const Filter& spatialFilier NullFilier() L
- |fleat gridWidih nxy*dxy ~ ... .. ... |constFilter& ahsothingBoundary  NullFilier(y L
Co0 0 |int gridDim nxy S0 | PeintSourceModel pointSourceModel  DEFAULT PSM |~ 0 0 - - - 0000000
oo | GpeckleModel speckleModel DEFAULT SM |- - -0
| et superApDiameter  0.7*nxy*dxy L
.................................... ﬂﬂa‘ edgesiw l]_l]
.................................... hool useDispersion false
.................................... float mnﬁnﬂl“fmlengﬂlm]gngﬂ‘
-
< | b
MNewSystem Hierarchry status: 3| System status: 3|
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Setting an Input to a System
Parameter

Inputs can be set to constant |

values or as system aem i

parameters. T
If an input has no default value, /
it will appear like this. _

To add a value to this input,
click on the area to the right of EEERETEE

the name and an edit box will .

appear. f"f'::lfff
Begin typing in this box even e y—l g

though the text will not appear AR
until you press enter. o

— Thisis a bug inthe JAVA  ~_
interface code. L

> bool on true B

30
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Open GaussianCwlLaser

* Right click on the
system and choose
“Properties of

""" Edit Mame

Danlara crihovetamnm

Copy gaussiancwlaser

x|

aussiancwlaser” o]
g = IrpLits
Type | Marme |Setting Expr.l Crefavlt Valuel Crescripton |
° A d . | b . I | bool on e | Flag indicati... |
lalog box wi §
QutpLts
th e n a e ar th at Type | Mame |5etting Expr.l Default Valuel Descripton |
aveTrain |transmitted | | h‘he generat...|
rovides a tabular
p Type | Mame |Settir'|g Expr.lDefauIt Valuel Descripton |
- float poer 1.0 Power (\Wat,..
I n ut O n th e float avelength  [wavelength avelength,..,
float apertureRa,., 1.0 Circular ape...
float annulLsR.adivs(0.0 0.0 Circular ann...
ke I t rf ” t b float sigma 1.0e-3 (apertureRa... Radius of 1-...
n e a Ce a . float grichwidth My iy idth of ou...
Nt gridim My Lmber of ...

K |Car‘|cel| Help |

31
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Give yourself more room

Give yourself more working room by turning off the

component types using the icon menu icon shown below
and choosing the grey “t".

components.

Hide the inputs, outputs, and parameters of the

& Editing: NewSystem - (o] x|
File Edit MNawvigation “iew Status Cptions Window Help
e E BB EE »mg B8 S8R
::::::::::::::::::::::::::M:::::::::::::::::::::::::::::::::::::::::::::::::
oo Tgolbars |
A = (ein J‘.’J:::::::::::::::::::::::::::::::::::::::::::::
o meE i | HHH::::::::::::::::::::::::::::::::::::::::::
S zawsianowlaser| - B|[R@A M::::::::::::::::::::::::::::::::::::::::
AR | || - | - |l - | [ A
32 — S ———————. —
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* Add a “Focus” from the wtlib library.

« Connect the PropagationController output to the
focus “outgoinglncident” input.

« Change the focus distance input value to read
“recallableFloat(1.0)".

S meerre: FHETHIEHETHITHIIT [T

’. _I?I ’.-_I?I ................. ’-D_I?I .............

: ga..“.ssia_.“.c.“l.lasEI.I Pmpagaﬁnmnnmuer ..............................

_____________ Wave Train t‘a.nsmitted : "33 Recallabhle= float = focusDistance recallableFloai(1.0) o
............................. ‘InfﬂlrfTI‘ﬂ.iIl i]'l['l]]ll.'i]'lg]]l[‘idfl'lt 'l.l.ira‘reijIl{:.

............................. 'l.l.raj.re ij_'“_ o u'tgn i]'.g]]'“:- ide n‘t 'l.l.iralre ij_'“_{:.

.................................... Wave Train i]l[:nn]jnngs]]ﬁﬁgﬂ_ L e

.................................... Wave Train nutgni_ngTransmjﬁed A

33 ————— 1 ———
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Gommentary on recaliahleFloat()

« tempus (the backbone modeling package for WaveTrain) sometimes
needs to look back in time to determine a value of a variable or
input, so a type of inputs was created called “recallables”.

* Most systems do not need this functionality, so a conversion routine

was developed called “recallableFloat()” that converts a float to a
recallable<float>

« To use this routine, you need to include the file
“RecallableFunctions.h” in the “C++ Code” tab of the system
properties.

— From the main menu, select File-Properties
— Click on the C++ Code tab
— Enter: #include “tnl/RecallableFunctions.h”

'

{y tve: Properties of Class Test l-&j

| General | Interface | C++ Code | Description | Error/Warning detection |

; ::inéi'udvé 7'mi,mecalié'BIéFuncﬁons.7};7'7

34
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Gommentary on outgoingincident

* “Outgoing” and “i

ncoming” inputs and outputs

were designed to make optics bidirectional.

* The present system uses only “outgoing” waves.
(Internally, “outgoing” is associated with the

Cartesian +z dire
* For more comple

ction).
X WaveTrain systems that

Involve light propagating in both directions, it is

typical to use bot
waves processec

N “outgoing” and “incoming”
by the same optical and

propagation com

jmansell@mza.com

ponents.
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* Light in WaveTrain always travels from a
source to a sensor.

— Every model needs at least one source and
one sensor.

« Sensors Initiate the modeling by
requesting light from all sources attached
to a given sensor.

36
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* Add a vacuumProp and connect it to the
outgoingTransmitted output of the focus.

* Change the propagationDistance input to
“recallableFloat(1.0)".

37 —
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* Add a simpleFieldSensor to the system and

connect it to the outgoingTransmitted output of
the vacuumProp component.

« Set the parameters as shown below.

............................................................ float wavelength wavelength | =
int nxy Xy
float dxy dxy

38 ————— 1 ———
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Commentary on the SimpleFieldSensor

The simple field sensor has a variety of
Inputs corresponding to the timing of the
sensor.

The exposurelnterval is the time between
exposures.

"""" =] 1= IRl

Wave Train incident WaveTrain() |
The exposurelLength is the amount of time % .
that the sensor is exposed to light (shutter % exposurelnterval 0.001
open time). exposureLengih 0.000001

The sample interval is the time between samplelnterval 0.0

Grid=Complex= fld

samples that are averaged on the sensor " [Moat wavelongth wavelongth
— 0.0 means that one sample is taken at the S it nxy nxy
center of the exposurelLength. | float dxy dxy

The boolean on input can be driven
externally in some situations to delay the
on-time in order to stage the exposure of
various sensors.

39 ————— 1 ———
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* |lcons can make the system more easy to
understand at a glance.

* To add an icon to a component, right click
on that component and choose “Edit Icon”.

« WaveTrain comes with a variety of icons
for maklng a system more eaS|Iy readable.

40 =a——c—
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* To view the system parameters at a
glance at the bottom of the screen, go to
View-Parameters.

¢ Editing: Test (C:‘Simulations'test) - |Elli|

File Edit Mavigation View Status Options Window Help

BB B EE »>wg E) 8533

. - mEm@ |

-1 J-INE | propagationcontroller | - -

s].a.n.cw exr

Parameters + |- |l + [+ X
Type Mame | Default Yalue | Descripton |
int My 256
float iy 83e-5
float wiavelength 1.0e-5
Test:: Hierarchy status: @| System status: @)
41 =
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Saving the System

* Once the system has been created, select
File-Save or Save As to save the system.

« Save the system in a path without spaces
In the directory structure or the file name.

* Do not put spaces in the file name!

* |tIs recommended to save the systems In
a "“c:\Simulations” directory.

— For reference, we saved this as
“c:\simulations\test\test.tsd”

— *.tsd are tempus system description files

42
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— we used “test” as the name

jmansell@mza.com

Now you are ready to create a runset.
From the system editor, go to File-New-Runset for test.
Enter a name for the runset.

The tempus runset editor (TRE) will pop-up.

¢ TRE: test (for C:\Simulations'test' Test) - ol x|
File Edt Wiew Buld Options Window Help x|
O [ alm+ -+ 4 [& 1| & Q) sop Time:jo.00
Run Variables
| Type | Mame | Walue Description |
System Parameters
| Type | Marne Walue Description
1 |int My 256
2 |float  |dxy B3e-t
3 |float  |wavelength |1.0e-G
Modified Hierarchy status: il Run status: il
Public Use
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Gommentary on Runset Names

« A tempus results file (trf) is created each time a
tempus run is made.

* The code generator will automatically terminate
the trf file name with an incrementing number so
that the old data is not overwritten.

— Example: TestRunTestl.trf

« Therefore, it is highly recommended that the
runset name not end in a number because it can
make interpreting the trf file names difficult.

— Example: “TestRunTest11.trf" could be the first run for

a runset named Test1 or the 11 run of a runset
named Test.

45
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Stop Time

 Upon entering the runset editor, |
the run status indicator will be red d
— see the bottom right part of the screen Herarchy status: @] Run statu; 9|

* Click on the indicator to see the list
of errors.

° The fIrSt error IS Usua”y that the & Report on test (for C:\Sim =1
stop time is zero.

* Close the error list and select Edit- (

g

errors with stop time

#* - The simulation will not run with zero stop time

Edit Stop Time from the main
menu of the TRE.

 Enter 0.001 in order to get one x|
field from the simpleFieldSensor 2) et spTme
(SFS) o.001
— the SFS’s exposurelnterval is 1 ms, so ok_| _cancel |

it will record a frame every 1ms.

46
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The runset has no outputs

selected for recording € output Recording x|
upon Creat| on. — Flease select outpuUts to be recorded
TO Select the OutputS fOI‘ [rEl---S!Tg_IeﬁEeldsensor
record | ng, Cl |Ck On the simplefieldsensor id  {When changed)
output recording button or |
T ' Req. Epr.:|simplefieldsensor. fid

go to Edlt Edlt OUtpUt . & When changed " Exactly every cec " Do Mot Record
Recording from the main =

Record dt = O changes ™ At least every I sec
menu. I~ Compress data (f possible) I~ At most every I e
To select an output for Flags| Ceontme [ sec
recording, check the box =~ [Yrbes Cendime [N oo
to the left of the outpuit. o | _cance | _rep |
Click OK when all the
desired outputs are
selected.
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« Select the compile and link button from the toolbar or select Build-
Make from the main menu.

« A console window will pop-up and should compile your .cpp code to
an .obj file and then link the .obj's into an .exe file.

jmansell@mza.com

DYWINDOWS system32cmd.exe - ¢ ZAN\tempus w200

cl.exe /nologo /MD /w /Ox /Og /O0bl1 /GT7 /GX /2i /MD /I “C:\MZA\Wavetrain\
v2000.11H\include” /I "C:\MZA\Wavetrain\v20080.11H\canlib" /I "C:\MZA\Wavetrain\u
2000.11H\canlib\support\include” /I "C:\MZ2A\Tempus\u2000.11H\tempus\include\temp
us” /I "C:\MZA\Tempusiv2000.11H\tNLAinclude™ /I “C:\MZA\Tempus\u2000.11H\tempusy
includeireceorder” /I "C:\HZA\Tempus\v2000.11H\tempus\include\matrixio™ /I "C:\MZ
A\Tempus\vu2000.11H\tempus\include\Fftengine” /I "C:\MZA\Tempus\v2080.11H\tempus\
includeMFftwl-3" /I “"C:\M2A\Tempusiv2000.11H\tempus\include\mli® /I "C:\MZA\Temp|
us\u2000.11H\tempus\include\portinc” /I "C:\MZA\Tempus\v2000.11H\tempus\includey
plsuite” /I "C:\MZA\Tempus\v2000.11H\trftools\include” /I "C:\MZA\Tempus\v2000.1
TH\trm\include” /I “C:\MATLABEpSpl1\extern\include\cpp” /I "C:\MATLABEpSpl\extern
Vinclude” /I "C:\MZA\Tempus\v2000.11H\tstl\include” /D "WIN32" /D "NDEBUG" /D *

CONSOLE™ /D "_MBCS" /D "MSUC" /D "MSWIND" /Fp"C:\Simulations\test\TestRuntest.pc
h” /YX /Fo"C:\Simulations\test\\" /Fd"C:\Simulations\test\\" /FD /c "C:\Simulati
ons\test\TestRuntest.cpp”
cl : Command line warning D4029 : optimization is not available in the standard
edition compiler
TestRuntest.cpp

link.exe @C:\DOCUME™1\jmansell\LOCALS™1\Temp\nmi11.tmp

C:\Simulations\test>if "msve7" == "msuc8” nmake /f "C:\MZA\tempus\u2000.11H\bin\
trapp8.mak™ CFG="trapp - Win32 Release”
Created executable TestRuntest.exe with optimization (Release version).
Make completed successfully
to continue .
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Linking / Gompiling Problems

e |t Is not uncommon that the runsets do not
properly compile and link.

* The console window will list the problems
with the compilation or linking and give
you some Indication as to where the
problem is and sometimes how to fix It.

» With persistent issues In this regard, call
MZA'’s technical support.
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« To execute the simulation press
the execute button (red
exclamation point) or go to Build-
Execute on the main menu.

* The model will compile, link, then
execute.

« When execution begins, the
tempus runset monitor will pop-up
to show the progress.

— For simple systems the runset
monitor may not have time to execute
before the system completes, so the
monitor will report an error.
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tempus Runset Monitol =ax|
rSummary |
I - - . - |
—PRunset
Marne: I TestRuntest3 _I
trf File: | TestRuntestd.if
Dir: I
Disk Space Used: I 3.7 MB
Est. Disk Space Required: I Completed
Total Runs: I 1 Complete: I 1000 %
Elapsed Time: I 2hzec.
Estimated Taotal Time: I Completed
HEEEEEEENRERNEREREEN
Status: I Completed
— Current Run
Fun Number: |71 Complete: Im
Elapsed Time I 2.5 sec.
Estimated Total Time: I Cormpleted
HEEEEEEENRERNEREREEN
Virual Stop Time: | 0.01000000 sec.
Current Virtual Time: I Completed




 As soon as the model execution starts, a
1rf file 1s created.

* As the model runs this file is filled up with
model data.

* You can click on the TrfView button in the
runset editor to view the most recentl
created .trf file for the runset. #@o & Fomeon:

Run Variables

 You can also visualize the .trf file results
with Matlab.
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* MZA provides a whole suite of routines In
Matlab for reading in data from .trf files,

iIncluding:
— trfopen
— trfload
— tmxparams
* The most commonly used tool is a GUI
package called “trfview”.

— Run it by typing “trfview” at the command line
and pressing enter.
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* |f none of the trf tools work in Matlab, make sure
your Matlab path has the directories listed below
In It.

— Go to File-Set Path for the following dialog box:

« J: Set Path =[=lx]

All changes take effect immediately.

MATLAB search path:

Add Falder. .. B CONAAMempusW2000 T TH vempusimifilesiim:. thix
L CAaZaMempusw2000. 1 THYrftoolsvmfilesiirfview thix
O CZaempuswZ000 . 1 THrftools\mfilesitrf thix

Add with Subfolders. ..

Remove | L CZaempusw2000 . 1 THrftools\mfiles ~|
Save | Close | FRevert Default Help |
54 o e —
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triview

<} TRF Viewer

* Open your trf file B

=] P4

Filename

u S i n g F i | e - O p e n |C:\Simulatinns\test\TestRumesM.trf

Run5:|1 Select I-E I¥ View All Runs

from the maln Varlable MName

Data Type Count
test simplefieldsensor fld complex BHh36
menu.
A list of variables
an d param ete rS . Parameter MName ' tDa’[a Type X Omgalue
0y 03 3e-
int 256
ShOU|d appear' Qﬁﬂime |cTn:nubIe (0.001
wavelenagth float 1e-006
55 o e —
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* To view output
data, double click
on the named
variable and a

variable display box s

should appear.

* To plot that data,
click on the plot

=0l
Variable Name Itest.simpleﬁeldsensnr.ﬂd
Description  |integrated field
Type cormples Byte Coun'll 1048576
Dverall Statistics _ Calc |
Average 5.099e-007
Std. Dev. 4.696e-005
Wax -3.666e-010 5t 3.29e+0 1
Mlir o at 1.651e+ 1
P ]
Item Count ESSSE X Dim.ESE ﬂ Block _E
Block Count |1 Y Dim ESE Delay ID.1
Save .mat | [~ Line [ Grayscale
I Phase ™ Wrap@ [ 106  um.

button In the bottom
right of the screen.

jmansell@mza.com
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 This window

S
a
S

nould
Dpear

nowing the

field
magnitude.
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<} test.simplefieldsensor.fid Run 1 Frame 1

Fle Edit Wiew Insert Tools Ceskiop Window Help

=1alx]

D& h|RaMm® [ [0B 5O

50

100

150

200

250
50 100 150

200

250

57
Public Use




« If we zoom in on this plot, we -} test.simplefieldsensor.fid Run ol x|
can approximately count the File Edit ¥ew Insert Tools Deskbop Window Help e
number of pixels acrossthe D=EE& Lk RANS|[«|0E|5 DO
Gaussian beam is at the 107>
focus. 193 25

* Inthis example, there are - I
about 10 pixels and the mesh :
spacing is 83 um, so the 12
beam diameter is about 830 128 [0
Hm. 130 ¥

« This corresponds reasonably 133
well to the expected 640-um 0e
diameter calculated from 154 |
theory, but it is not very 136
scientific. 125 130 135 ’
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« The data can be

extracted to Matlab by g

right clicking on the
variable name In
trfview and then
selecting “Copy to
Workspace”.

e The data Is then
avallable as the

variable name (with

the periods).

jmansell@mza.com

_la/x|
Flle “ariable Parameter ¥
[C:\Simulationsitest\TestRuntestd. trf
Runs:|1 Select _E ¥ View All Runs
‘ariable Mame Data Type Count
testsimplefieldsenso o calected Varible '|k>< BHH3E
Parame ter Mame Data Type Walug
dhoy float 8.3e-006
My int 206
stopTime double 0.001
wiavelength float 1e-006
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* The data In the workspace is in vector
form with each time sample as a new
column.

* A single time-step can be converted into a
2D field with the following command:

— E=reshape(test.simplefieldsensor.fld(:,1),256,
256);

* The field can be converted to an intensity
profile with:
— 1 =E .* conj(E);
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Data Analysis

 Matlab can be used to calculate the second
moments of the intensity profile as follows:
— n=256; dx=83e-6; X = (-n/2:1:n/2-1)*dXx;
— [xx,yy]=meshgrid(x,x);
— Ix2 = sum(sum(xx.*2 .* 1));
— ly2 = sum(sum(yy.*2 .* 1));
— Isum = sum(sum(l));
— X2 = sgrt(Ixx/lsum); y2 = sqrt(Ixx/Isum);

* 4 times the Intensity second moment is the
beam diameter.

— For our data the beam diameter Is 637 um, which
corresponds exactly with our initial theoretical
prediction.

61
jmansell@mza.com Public Use



* In this example, we showed how to start
modeling with WaveTrain.

* We used the example of propagating a
Gaussian beam to a focus.

 Our WaveTrain results corresponded
exactly with our theoretical prediction.
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