TRACEPRO"” TUTORIAL

Fluorescence

Requirements

Models: FluorescenceExampleBegin.oml
Properties: FluorescenceExampleProperties.txt
Editions: TracePro Expert

Introduction

TracePro Expert is capable of modeling fluorescent material. Fluorescent material absorbs light in one wavelength band (excitation
wavelengths) and emits light in another, longer, wavelength band (emission wavelengths). TracePro performs fluorescence modeling by using
a combination of Fluorescence Properties and a specialized two stage ray tracing sequence.

Create Model

Ray trace light that illuminates
fluorescent material

Stage | of the ray trace

Calculate Fluorescence &
Create Fluorescent Source

l Ray trace light emitting from

Stage 2 of the ray trace fluorescent material

Perform Analyses

Figure |. Fluorescence modeling sequence showing two stage ray trace

In the first stage of the ray trace, excitation rays illuminate the fluorescent material. The rays must be in the excitation portion of the fluo-
rescent material spectrum and the model geometry must allow the fluorescent material to be illuminated. A byproduct of this first stage of
the ray trace is that TracePro automatically creates source files which contain rays generated by the fluorescing material. The second stage
of the ray trace uses the newly created source files to trace the fluorescing rays themselves. TracePro allows you to choose whether the
two stages of the ray trace should be performed together (where TracePro starts the second stage of the ray trace immediately after the
first stage is complete) or separately (where the you can use the stored fluorescent source files to perform the second stage of the ray

trace at a later time).
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'I'RACEPRC)® TUTORIAL Fluorescence Example

Fluorescence Properties

Fluorescence characteristics are modeled using a devoted set of Fluorescence Properties in TracePro. This allows users to
define fluorescence properties separately from material properties and then apply fluorescence properties in differing amounts
to different materials. Since Fluorescence Properties are defined separately from Material Properties, fluorescence is defined in
the Fluorescence Property Editor (Define | Edit Property Data|Fluorescence Properties). Clicking on the

Add Property button creates a new fluorescence property with the following characteristics that you can define:

1) Quantum Efficiency value
2) Peak molar extinction value
3) In the Excitation Table:
a. Wavelength (this is added via the Add button
b. Temperature (this is added via the Add button
¢. Relative Absorption (these values are directly editable)
d. Relative Excitation (these values are directly editable)
4) In the Emission Table:
a. Wavelength (this is added via the Add button)
b. Temperature (this is added via the Add button)
c. Relative Emission (these values are directly editable)
NOTE: If you have any trouble editing these values, make sure that the property is unlocked for editing.

The relative absorption, relative excitation, and relative emission values are normalized. An example Absorption/Excitation tab
is shown in Figure 2, and an example Fluorescence Emission Table is shown in Figure 3.

B Fluorescence Property Editor E'@'E'
& = BB EH
Latalog Catalog: |I:I|:untech_F'rl:nteins ﬂ M amme: |new ﬂ
g&'dd LerEng.. D escription: |
Delete Catalog . L ] q
Quantumn efficiency: |0 Peak molar extinction: |0 [liter[male*cm]]
Add Property...
Delete Property e,
Temperature (K | Excitation Wavelength {um) | Relative Absorption |Relative Excitation ~
Lopy Property 300 0.3 126659975 126650975
. 300 0.3005 123870838 123870838
[ ata Points
cait b 300 0,301 12080331 12080331
kb
w 300 0.3015 117613769 117613769
fdd... 300 0,302 114172525 114172525
Delste. 300 0,3025 110539524 110539524
300 0,303 A0ET32441 A06732441
300 0.3035 JA0E7EOLLD JA027e0119
300 0,304 095635954 095635954 3
& % | | Excitation Table | Emission Table

Figure 2. Example Absorption/ExcitationTable.
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TRACEF’RC)® TUTORIAL Fluorescence Example

B Fluorescence Property Editor

& &= BHERBHA
Latalog Catalog: |Elcunteu:h_F'ru:|teins j M ame: |new j

Add Catalog... Bt |

Delete Catalo .
J Guantum efficiency: [0 Peak malar extinction; |0 [liter/[mole*cm]]
Add Property...

Delete Property

Temperature (K) | Emission Wavelength (um) | Relative Emission i
Copy Property 500 0.4605 123571521
S 300 0,461 .129050072
300 0.4615 135296351
% 300 0,462 142334204
add.. 300 0.4625 150177607
Dielete. 300 0.463 158802282
300 0.4635 168215976
300 0,464 178482752

300 0.4645 3

< | % | | Excitakion Table | Emission Table

Figure 3. Example Fluorescence Emission Table

It is customary, in measuring flourescence spectra, to express the peak molar extinction in base |0 rather than base e.
The base 10 absorption coefficient is then

uio (A’) = aba)erakao/ar

where erak is the peak molar extinction corresponding to the value of | in the relative absorption ab(A), and C_ | is the molar

|
concentration in the particular sample. The transmittance through a sample of thickness t is then

T=10 "

The absorption coefficient used in a non-fluorescent material property in TracePro is related to the base 10 absorption coefficient by
u, = Inl1o0.

This is used for Lambert/Beer Law absorption, in whch the transmittance through a thickness t is

T=e Ml

The optics absorption coefficient [, is computed internally in TracePro for use in the raytrace. The same applies to the relative excita-
tion values.
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TRACEPRO@J TUTORIAL Fluorescence Example

Raytrace Options

The generation of fluorescence rays can be enabled via a checkbox in the Raytrace Options dialog, Options tab. Accompanying the
Fluorescence checkbox is an Insert File Source checkbox and a dropdown list with the choices Generate emission sources only and
Immediately trace emission wavelengths. The Insert File Source checkbox allows you to link the generated fluorescence source files to your
model; this link will be saved with the model. The choice in the drop-down list dictates whether the two stages of the fluorescence raytrace

are performed separately or together.

Fluorescence ray trace

Afluorescence ray trace is done in two stages:

Stage |: Initial rays are traced in the TracePro model. Any Discrete wavelengths defined in the Wavelength tab of the Apply Properties /
Surface Source dialog box (that also happen to be within the excitation band of fluorescent materials in the model) will be involved in the
fluorescence calculation. The end result of this stage is that source files containing fluorescent ray data are created.

Stage 2: Fluorescence rays are traced from the previously generated source files at the emission wavelengths defined in the Apply
Properties / Fluorescence dialog box.
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TRACEF’RC)® TUTORIAL Fluorescence Example

Create Model

Ray Trace uses Discrete Wavelengths Ray trace light
defined in Analysis/Raytrace that illuminates
fluorescent material

Fluorescent Data defined in Fluorescent
Property Definition: Calculate Fluorescence & Create Fluorescent

Excitation & Emission Tables Source files
Ray trace light
emanating from
fluorescent material

Ray Trace uses Emission Wavebands defined
in Analysis/Raytrace

Perform Analyses
Figure 4. Fluorescence modeling sequences showing where data is drawn from each step in the process.

You can trace fluorescence rays in either of two ways:

I) Immediately trace emission wavelengths
In this method, at the conclusion of the first stage of the raytrace (the excitation raytrace), the second stage (the emission
raytrace) will automatically begin, so that emission rays are “mixed in” with the excitation rays. All irradiance map features, candela
plots, flux report, etc. report the fluorescence wavelength results along with the excitation wavelength results.
2) Generate emission sources only
In this method, the emission ray files are generated, but the emission rays will not be traced. You can trace them later at your
discretion, by:
a. inserting the emission source file(s) into the model (or any model you choose)
b. adding the discrete wavelengths corresponding to the fluorescence wavebands to the Discrete wavelengths in the
Wavelengths tab of the Raytrace Options dialog box
c.  removing the excitation wavelengths from the list of discrete wavelengths (optional: these would be absorbed by the
fluorescent material, but you may want to keep them for other reasons)
d.  maodifying any surface sources in the model to have zero rays, or removing the surface sources completely, or excluding
individual surface sources from the TracePro source tree (optional: you may want to keep surface sources in the analysis)
e. unchecking the Fluorescence option in the Raytrace Option dialog box
. initiating a ray trace making sure that Source Files are enabled in the trace
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TRACEF’RC)® TUTORIAL Fluorescence Example

Fluorescence modeling example

This simple model has a cuvette containing fluorescent material that is illuminated by light at excitation wavelengths of the material. The mate-
rial then fluoresces, generating source files containing fluorescent rays. Open the model FluorescenceExampleBegin.oml, shown in isometric
view below.

fi: TracePra Expert - [Model:[FluorescenceExampleBegin.oml]]

q) File Edit VWiew Insert Define Raytrace Analysis Reports Tools Macros Window Help
D=6l &[] #%[6| o~ ®|c|e| g x| & OBBIm] <@ DE 6 &els| K| 2]
8&/8|&|&|& &[]+ #JH Dael]r| Bla|2[T] 4[% =

F-.~ Emission Lens m2cy

%

i | e

T vl s
Lz zd| =&

#-.~ Emission Lens m2cx
#- Emission Filker

# ./ Emission Lens mlcx
-~ Emission Lens mlcy N
#-.” Detector

#-.~ Exritation Lens x1cv
#-./ Exritation Lens x1cx
- Excitation Filter
#./ Excitation Lens x2cx
#-.~ Excitation Lens x2cy
#o./ LED nose

#-./ Baffle

T
&
7

For Help, press F1 #:0,0000 Y:-16, 7742 2:2.8950 millimeters Wi-2Z 4227 154,53149 2:22.9234 millimeters MUM

Model Source | Radiance

This model makes use of custom properties. To import the properties into your Properties Database, select Tools/Database/Import, and
select the file “FluorescenceExampleProperties.txt”. If prompted to replace existing properties, select “Yes to All".
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TRACEF’RC)® TUTORIAL Fluorescence Example

The cuvette consists of a glass envelope and water with a fluorescent dye inside. to add fluorescent properties to the contents of the cuvette,
we first select the object Fluorescent Sample in the model Tree, then select Define/Apply Properties, Material tab, and select a fluorescing
property to apply. We will select the Alexa Fluor® 488 Dye from the Invitrogen _OrganicDyes as shown.

Enter the Quantum Efficiency, Peak Molar Extinction and Molar Concentration as shown in the dialog box.

Enter the emission wavelength range from .493 to .588 um with 5 bands selected. Set the wavelength ranges from 0O to .493 and from .588
to INF to have O bands.

fi- TracePro Expert - [Model:[FluorescenceExampleBegin.oml]]

q) File Edit VWiew Insert Define Raytrace Analysis Reports Tools Macros Window Help

Dlw|dl| &I #(8|E| of | slo|e| @ x|y & OBlsml| b D6 el el 5| 2k
8&/a|a|&[& & # ¥l efH | DBl ] p| Olu|s|T] 4R =]

#-.~ Emission Lens mZcy

£
3

Ei

v o= | v ¥
Lz|tz| x| zd

#-.~ Emission Lens m2cx
#-.~ Emission Filker

# ./ Emission Lens mlcx
# ./ Emission Lens mlcy g
#-.” Detector
e Cuvetke

Surface 0 M 5pply Properties -
Surface 1

;'—"’;5592 Impartance Sampling I Exit Surface I Diffraction ] Raptrace Flag
SE:F:EZQ Material ] Surface } Surface Source ] Prescription I Calor
curfate s Mueller Matrix 1 Gradient Index 1 Bulk Scatter I Temperature
Entty & Clasz and User Data I RepTile ] Temperature Digtibution  Fluorescence
Material from IR
Material name WATER

Fluorescence from Invitrogen_OrganicDyes M |Alexa Fluor® 433 Dpe j
Fluorescence name Alexa Fluor® 488 Dye

#./ Excitation Lens x1cy

P

Catalag: |Invilrugen_0rgaﬂiches j

Description: |%pectra represents conjugate prepared by coupling =

- Excitation Lens x1cx product to protein of other biomalecule. v
. Excitation Fiter -
- Excitation Lens x2cx Quantum Efflicisncy: |0.55
#-.~ Excitation Lens x2cv
.~ LED nose Peak Malar Extinction: | 78000 liter/[mole*cm]
- Baffle
Molar Concentration: |1e-M0 moles/liter
wiavelength: | 588 Add Delete
From {um) | To {um) | # Inc. |Calc. Wavelength ‘ el
o 0493 (0 0.2465
0.493 0.588 (5 0.5025
0.5215 D
0.5405
o rror a4l
Apply Wiew Data

Model I Source |Radiance|

For Help, press F1 #10,0000 ¥:-16,7742 2:2,8960 millmeters %16,5861 ¥i54.4803 Z:51. 7669 millmeters MUM
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TRACEPRO‘@‘ TUTORIAL Fluorescence Example

Before closing the Apply Properties dialog box, click the View Data button. This will open the Fluorescence Property Editor and display the
properties of the Alexa Fluor® 488 dye. Select the Excitation Table tab at the bottom of the editor. By scrolling down in the table you can see
that the Relative Excitation of this material has its peak (a value of approximately |.0) at a wavelength of 0.499 pum as shown. We will use this
wavelength for the excitation ray trace.

M Fluorescence Property Editor

FEE @ BEEH b
~ Catalog Catalog: IInvitrogen_Drganiches | Mame: IAIexa Fluor® 488 0pe  ~ |
ml Description: ISpectra represents conjugate prepared by coupling product to protein o
[relete Catalog | - L . .
Quantum efficiency: ID— Peak molar extinchon: | 72000 [liter/[mole*cm]]
Add Praperty... |
Delete Property |
Copy Property |
Temperature (K) | Excitation Wavelength (um) | Relative Absorption | Relative Excitation
— Data Paints 300 0.251 0.9407304 0.9407304
Sort by.. | 300 0.752 0.6622697 0.6622697
Add 300 0.253 0.828492 0.828492
300 0.254 0.7823125 0.7823125
ﬂl 300 0,255 0.7441641 0.7441641
300 0.256 0.7132793 0.7132793
300 0,257 0.69010589 0.6901089
300 0,255 0.6695339 0.6695339
300 0,259 0.6511948 0.6511945
300 0.26 0.6340591 0.6340591
300 0.261 0.6199535 0.6199535
300 0,262 0.6054453 0.6054453
300 0,263 0,5943069 0,5943069
300 0,264 0.5530869 0.5530569
300 0,265 0,572851 0,572851
300 0. 266 0.5671425 0.5671425
300 0,267 0,5657646 0,5657646
Excitation Table I Ernission Table |
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TRACEPRO‘@‘ TUTORIAL Fluorescence Example

Select the Emmision Table tab in the editor and note that the material fluoresces between wavelengths of about 0.475 to 0.675 um (a por-
tion of the table is shown below).

M Fluorescence Property Editor;

FELE & BEE® X
- Catalog———— Catalog: |Invitrogen_Drganiches | Mame: IAIeHa Fluor® 233 Dye = |
MI Degcription: ISpectra represents conjugate prepared by coupling product to protein o
Delete Catalog | . L . .
Quantum efficiency: ID Peak molar extinction: | 72000 [liker/[male“cr]]
Add Property... |
D elete Froperty |
Copy Property |
Temperature (k) | Emission Wavelength (pm) | Relative Emission
— Data Points 300 0,659 0,0053167662
Sart by... | 300 0.66 0.007958073
Add. 300 0.661 0,00760665%
300 0.662 0.00729558
&I 300 0,663 0.007165916
300 0.664 0.007080365
300 0,665 0,006950075
300 0,666 0.006610407
300 0.667 0.006739731
300 0,668 0.006196326
300 0.669 0.0061035547
300 0.67 0.006104335
300 0.671 0.006017713
300 0.672 0.00555727
300 0.673 0.005344005
300 0.674 0.00524908%
300 0.675 0.005055044

Excitation Table | Emission Table |

www.lambdares.com

search

Corporation

Page 9



TRACEPRO‘E‘ TUTORIAL Fluorescence Example

To enter the wavelength data for the excitation light and the fluorescence emission light, select the “Emitter” surface of the object named
“LED Nose” , right-click, choose Properties, and view the Surface Source tab. The model is currently set to trace at a wavelength of .5461

um, but we want to trace an Excitation wavelength of .499 um. Select .5461 in the table and click the Delete button, then type .499 and
click the Add button. Click Apply.

fi- TracePro Expert - [Model:[FluorescenceExampleBegin.oml]]

q) File Edit VWiew Insert Define Raytrace Analysis Reports Tools Macros Window Help
D(d &) &%[6 o ofc|s] =) x[v g OlRBm| <% @ #le|w| LG | 20
ala|a|&|a|R|F] & ot/ ]|l e7 | p3]6] ] o] Bla] S]] v]) ]

- Emission Lens mEcy

./ Emission Lens m2ex

éa--¢ Emission Filker

E}.I . Emission Lens mlcx

33 . Emission Lens mlcy g

ga--¢ Detectar

ga--¢ Cuvekke

=+ Fluorescent Sample
E;!-SurFace o
#-Surfare 1
B:a-SurFace 2
# Surface 3 B Apply Properties
& Surface 4
éa-SurFace 5 Importance Sampling I Exit Surface I Ditfraction | Raytrace Flag

Entity & bueller b atris I Gradient [ndex | Bulk Scatter I Temperature

- Material from IR Class and User Data I RepTie | Temperature Distribution | Fluorescence

- Material name WATER Material | E— Surface Source | Prescription | Color
- Fluorescence From Invitragen_OrganicDyes

- Fluorescence name Alexa Fluor® 488 Dye Ermission Type: |Flux vI i Fape: (10000

33 . Excitation Lens x1cy

.,/ Excitation Lens x1cx Units: | Radiometric vl Tatal Rays: 10000

- Excltation Filter Angular dist: [Lambertian -

ga--¢ Excitation Lens x2cx

. Excitation Lens xZcv Raps: | Only importance rays vI Color: l:l

EI--¢ LED nose

B:a-SurFace 1] Flue: |1 i atts

Bia-SurFace 1 “wiawelength

T.\’PE-IDiscrele wavelengths ;I I-“ElEl Add De"?tﬁl

tiavelength {um) | Weight |F|ux |#Ray's
0,499 1 1 10000
Tokals |1 10000

- Entity 14
- CylfCane
B Baffle

Wiew Dats

¥

3
i

Model I Saurce I Radiance
For Help, press F1 |><:D.DDDU ¥i-16,7742 Z:2.8960 milimeters \X:-19‘0465 Y154,4803 Z:26,1343 milimeters MUM
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TRACEF’RC)® TUTORIAL Fluorescence Example

Select the Options tab of the Raytrace Options dialog box (Raytrace Menu) and click the Fluorescence checkbox. In the list under the check-
box, ignore the Insert File Source checkbox and select Immediatley trace emission wavelengths, and click Apply to set the selections. The
dialog box should appear as below. By making this selection, we are choosing the two stages of the fluorescence ray trace to be run right
after one another. We will trace rays at the excitation wavelength, TracePro will generate fluorescing sources corresponding to the data in the
Fluorescence emission wavebands and then immediatly perform a second ray trace to trace the fluorescing rays.

Now we are ready to do the Fluorescence ray trace. Close all dialog boxes and windows if you have not already done so.

B Raytrace Options

Simulation & Output ] Advanced ]
Options l Wavelengths ] Thresholds ]

Analyziz Unitz; | Radiometric

v Fayp Spliting
[ Specular Baps Only

[v [mpartance Sampling
[ Aperture Diffraction  [1000000 digtance [mm]

Random Rays: |1 [per soatter]

v Fluorescence

[ Inzert file source

|Immediatel_l,l trace emizzion wavelengths ﬂ

[ Palarization

[ Detect Bay Starting in Bodies

Randam Seed: |1

apply Set Defaults

Lambda

search www.lambdares.com

Page 11
Corporation e




TRACEPRO"” TUTORIAL

Fluorescence Example

To begin the ray trace, select Raytrace/Trace Rays. TracePro traces the excitation rays and saves the source of the emitted fluorescent rays
in binary source files with extension “*.src”. The Message/Macro Window indicates that the File Sources were created for the Fluorescence
emission rays. In the second stage of the raytrace, rays are emitted from the Fluorescence Emission File Sources.

Viewing the model after the rays have been traced is not very useful, there are so many rays that the model is difficult to see.

TracePro Expert

ews Insert Define Raytrace  Analy: Reports  Tools Macros  Window  Help
T e e e Y Y = S T ¢le|e| KIE | 2
®|a|Q|®|QIR|F & #| of =] 2]« [H] [a[e[ ] p| Blu]|2[T] v[%] 2|

.~ Emission Lens mZcv

.~ Emission Lens mZ2cx

+~ Emission Filter

+~ Emission Lens mlcx

. Emission Lens mlcy

" Detector

W~ Cuvette

-~ Fluorescent Sample

+ Excitation Lens x1cw
+ Excitation Lens x1cx
. Excitation Filker

« Excitation Lens x2cx
. Excitation Lens x2cy

- Baffle

Fluorezcence excitation ray trace,

Creating source files with the following names and wavelengths [pm):

S:ALibrargtLambdawebsiteM asterCopiesh T echnicalS upport T raceProd\T utanials\Fluorescence T utarial in processi\FluorescenceE xampleBeqin_Fluores_1 sre. 0.5025
S:ALibraniLambdawebsitehd asterCopies'\ T echnicalS upport T racePiobT utonials'FluorescenceT utorial in processhFluorescenceE xampleBegin_Fluoes_2 sic, 0.5215
S:ALibranLambdawebsitehd asterCopies'\ T echnicalS upport T raceProbT utarials'Fluorescence T utorial in processhFluorescenceE xampleBegin_Fluoes_3 e, 05408
S:\LibrargsLambdaiwebsiteb asterCopiesh T echnicalS upporth T racePo\T utarials\Fluorescence Tutorial in process\FluorescenceE wampleBeqin_ Fluores_4.zre, 0.5595
S:ALibrargsLambdaiwebsiteb asterCopiesh T echnicalS upporth T racePo\T utarials\Fluorescence Tutorial in process\FluorescenceE wampleBeqin_ Fluores 5 ere, 0.5785

<

Command

Clear Output Pane

Model I Source IRadiancE

4:-52,0556 ¥i71.6826 7:53.9247 milimeters MUM

For Help, press F1 o . - o . |><:D.DDDU 1-22 6354 21-8.420 mi\hmters
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TRACEPRO"” TUTORIAL

Fluorescence Example

However, you can reduce the number of rays shown in the model by utilizing the ray Sorting dialog (Analysis/Ray Sorting). Setting the Start-
ing Rays to Display to 19 will give you a model layout that looks like this.

fi: TracePro Expert - [Model:[FluorescenceExampleBegin.oml]]

q) File Edit Wiew Insert Define Raytrace Analysis Reports Tools Macros  Window Help

Dlslal 8| &(%|E] of | olcl=| @] [y | omBn| < Db

s|@lu| BT | 2l

- Emission Lens macy
E--\/ Emission Lens mZcx
B~ Emission Filter

éa--¢ Emission Lens mlcx
E--¢ Emission Lens mlcy

QQ|a|&| R |F]d@E] #| kbl 2w JH | p[A[e][ ] P Bla||T] /][R 2

M Ray Sorting

Ray Sort for Model Window.

B:a--\/ Excitation Lens x1cy Sort Type: IAII Hays -

E--\/ Excitation Lens x1cx
. Excitation Filter

-/ Excitation Lens x2cx Sources: IAII hd

E--¢ Excitation Lens x2cv

B’ LED nose Wavelenath: IAII -
# v belfle % Starting Fays to Display I'I

I™ Flux Display Range [as a fraction of Peak Flux]
Flux Fange - Peak 1%/ atts

Hir ax (00 1.0
| Update |

/

/

/

Model I Source IRadiancE

For Help, press F1 ®i-128,7789 ¥:-45,3921 Z:46.2243 milimeters %16,9935 ¥:84,1495 Z:52.5051 milimeters
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TRACEPRO@:‘ TUTORIAL Fluorescence Example

Analysis

We are mostly interested in rays that hit the detector. We can show these rays by first selecting the Detector surface on the Detector object,
then selecting Analysis/Ray Sorting to open the Ray Sorting dialog. For Sort Type, select Selected Surface, and then click Update. Make
sure that the % Starting Rays to Display is set to 100. The display will appear as in the figure below. We have traced only a few rays for this
example, so only a few rays are shown hitting the detector. An accurate simulation would require many more rays.

Fi. TracePro Expert - [Model:[FluorescenceExampleBegin.oml]]

q) File Edit View Insert Define Raytrace Analysis Reports Tools Macros Window Help
D[s(6 &I| %8| o|~| w|e|s| & x[» £ O@Em <5 @ le|w| K| 200
alalala||R[&]E] #| w2 H e JH | plae][]r] Bla||T] v[%] »]

-/ Emission Lens mz2cy
ga--¢ Emission Lens m2cx
e Emission Filter
E--\/ Emission Lens mlcx
.~ Emission Lens mlcy
./ Detector M Ray Sorting
; Bfa-SurFace 1] N
& Surface L Fiap Sort for Model ‘window.

ar Sart Type: ISeIected Surface A

Far the currently selected surface

B Cuwette Sources: IAII -
. Fluorescent Sample

., Excitation Lens x1cv ‘wWavelength: IAII -
.~ Excitation Lens xlex I—
‘ % Starting Raps to Display: | 100

-/ Excitation Filter aring hays to Lispiay

i Excitation Lens w2 ™ Flux Display Range [as a fraction of Peak Flux]
ga--¢ Excitation Lens x2cy

Flux Fange - Pealk 1% atts
#-.” LED nose

-/ Baffle Wi W [00-1.0)
Update |

Model I Sourte IRadlanca

For Help, press F1

#:-128,7789 ¥:-45,3421 7:46.2243 milimeters #:-6.2413 ¥:84.3149 7:39.1049 milimeters L]

We can display all output analyses in TracePro as for any other ray trace (an irradiance map, flux report, incident ray table, ...etc), but at this
point there are so few rays to display, it will not serve any purpose. Next we will concentrate on forcing more rays to reach the detector.
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TRACEPRO@:‘ TUTORIAL Fluorescence Example

Adding importance sampling

We can increase the number of detected rays by simply tracing more rays in the excitation ray trace, but we can also specify importance
sampling for the fluorescence emission rays to get better sampling at the detector. This means that whenever a ray in the excitation ray
trace (stage | of the fluorescence ray trace) generates a fluorescence ray for a file source, one or more importance sampled rays will be
generated also. To generate importance-sampled fluorescence emission rays, we must apply importance sampling to the object* that has
the fluorescence property applied to it. To do this select the object named Fluorescent Sample in the Model Tree. Select Define/Apply

Properties, Importance Sampling tab. We wish to importance sample towards the lenses leading to the detector, so enter the importance
sampling target data shown in, and click Apply.

Fi: TracePro Expert - [Model:[FluorescenceExampleBegin.oml]]

q] File Edit View Insert Define Raytrace Analysis Reports Tools Macros Window Help
Dic(d| & 4(0|E| o| | clo|s| @ x[v & O®lSm| </ D6 e | EJ
8/a|a|@ &)@/ 4| ot | vefH | DIl || Blals|T] v

B Emission Lens m2cy
E}.I . Emission Lens m2cx
e Emission Filter

ga--¢ Emission Lens mlcx
./ Emission Lens mlcy N

vI %
23| ¥

M Ray Sorting

Ray Sort for Model \Window.

Sort Type: | Selected Surtace 'I
=~ Detectar
 &-Surface 0 For the currently selected surface
“Surface 1 Sources: | All VI
Detectar
Entity & Wavelength: | All vl
- CylfCone
e Clvethe % Starting Rays to Display: 100
™ Flux Display Range (as a fraction of Peak Flux)
-Surface 0
Surface L Flux Range - Peak 1 'atts
Surface 2 Hin | M [0.0- 1.0]
Surface 3
Surface 4 2 [ ——
-Surface 5 B /ipply Properties H_ Update
-~ Entity & - —
- Material From Liquids b ueller b atrix | Gradient Index | Bulk Scatter I Temperature
- Material name Water Class and User Data I RepTile | Temperature Distribution | Fluorescence
+1 Importance Target Defined I aterial | Surface | Suface Source I Prescription I Calar
- Fluorescence From Invitrogen_OrganicCryes Impaortance Sampling | Exit Surface | Diffraction | Raytrace Flag

Fluorescence name Alexa Fluor® 485 Dye
./ Excitation Lens x1cy

: Target: of 1 Raps/cell IW

ga--¢ Excitation Lens x1cx g 1 = o

e Excitation Filter Direction: | Toward vl Shape: IAnnuIal -
E--\/ Excitation Lens x2cx

& Excitation Lens x2cy Target Center Mormal Yector Up Vector
33--¢ LED nose
%/ Baffle % [4475 % 1 % [0
v. o v [0 v 1
2: [116 z:0 z [0
Target Size————————— Cellz in each dimension——
Outer radius: 14 Rings: |1
Irner radius: |0 Slices: IW

Single Obiject is selected.

Add Apply Delete

Model I SOUFCe IRadlancE

For Help, press F1 Wi-128, 7769 V1 -45, 3421 7:46.2243 millimeters 16,0453 Y153, 3227 7:30.2931 millimeters MUM

* The importance sampling should be applied to the object itself (not just individual surfaces of the object) because fluorescence is an object (not a surface) property.
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TRACEPRO@ TUTORIAL Fluorescence Example

Perform a surface source ray trace by selecting Raytrace/Trace Rays. The ray trace will begin as before, and new file sources will be
generated, over-writing the previous ones. Now select Analysis/Ray Sorting and sort rays on the detector surface, as before. The
resulting Model Layout is shown. Many more rays now reach the detector.

racePro Expert - [Model:[Fluorescence ExampleBegin.oml]] z
x

q) File Edit Wiew Insert Define Raytrace Analysis Reports Tools Macros  Window Help

Dl(a| & $[®E] of | sle|s| &) v 2| OBSml| w0 o|els| G | 2w
aa|e|a|®|&[F]d@] #| o ]2 2] J0 | DB ] p| Blu]2[D] v[w] x|

- Emission Lens mEcy
E--\/ Emission Lens mZcx
. Emission Filker

éa--¢ Emission Lens mlcx

M Ray Sorting &)
E}.I . Emission Lens mlcy g +

=/ Detector Ray Sort far Model Window.

-Surface 0 Sort Type:  |Selected Suface hd

-Surface L For the currently selected suface
! "
-~ Entity &

Sources: [Al -
- CylfCone
B Cuwette Wavelength: | All =

£+ Fluorescent Sample % Starting Fays to Display: |100
Surface 0

-Surface 1 ™ Flux Display Range [as a fraction of Peak Flux)

‘Surface 2 Flux Fange - Peak 1 Watts
-Surface 3

-Surface 4 Hin fAar I [@- 1.0

-Surface 5

~Entity &
Update
Material From Liquids b

Material narne Water
-1 Importance Target Defined
- Fluorescence from Invitragen_OrganicDyves
- Fluorescence name Alexa Fluor® <55 Dye
E--\/ Excitation Lens x1cw
.~ Excitation Lens xlex
éa--¢ Excitation Filker
E}.I . Excitation Lens x2cx
E}.I . Excitation Lens x2cy
ga--¢ LED niose
- Baffle

Model I Source I Radiance
For Help, press F1 Hi-128, 77689 ¥:-45,3421 Z:46.2243 milimeters %14,3496 ¥:71.4154 Z:62.5953 millmeters MUM
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TRACEPRO® TUTORIAL Fluorescence Example

A log scale irradiance map shows that over 1000 rays now reach the Detector surface on the Detector.

Fi. TracePro Expert - [Irradiancefllluminance Map:[FluorescenceExampleBegin. oml]]

: File Edit View Define Raytrace Analysis Reports Tools Macros  Window Help k -8 x
DI |d 8| 4% o~ ®|o|=| & x|« & OBBI0|) <% O o #els| K| 2%
lalalalsla|F @] #| el 2kl v ofH | DIAle] | p| Ble] =T v|w] 2

Total - Irradiance Map for Incident Flux
Detector Detector  Global Coordinates

Wim?
0.001

0.000316228

0.0001

3.16228e-005

1e-005

3.16228e-006

1e-006:

3.16228e-007

1e-007

3.16228e-003

1e-008

(millimeters)

3.16228e-009

1e-009

3.16228e-010

1e-010

3.16228e-011

Te-011

3.16228e-012

1e-012

3.16228e-013

118211,2.5118.711) FTB2112.5113.711)

1e-013 (millimeters)
Irradiance Min:0 /M=, Maxc 0 00055424 Wim?2, Ave:d B431e-005 Wim?,
RMS:8.3418e-005, Mormalized Flux8.1168e-010 1007 Incident Rays
For Help, press F1 ¥1-53.8582 ¥:119,4916 2:56,3113 milimeters Hi-116,211 Y1 -2,48229 Z: 114,429 | 0 'Wim? MUM
/ ] 1
/ T .
~“Research www.lambdares.com
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