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using TracePro®

February 2012 Webinar




In this webinar you will:

[ earn how to use TracePro to analyze ghost paths

[ earn how to understand and use importance sampling for
scatter analysis

[ earn how to understand and use tools to analyze stray
light issues

TracePrié- Laambes




Current TracePro Release

fracePro 7.1.2

*Can be downloaded by anyone with a
current Maintenance and Support Agreement

www.lambdares.com
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Raytracing for Optical Simulation: The
Approach

« Ignore all optical constructs

— Make no assumptions

» Create a “realistic” virtual 3D model
\ / Apply surface and material
\ properties to the model
i i « Launch light into the model
@ « Let the model determine
where the light goes
/'/' / \ (calculate surface order)
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Optical Simulation (cont.)

5 things can happen to light when it hits a surface...

 Refract
» Reflect
e Absorb

 Forward Scatter
 Backward Scatter

And it happens at each surface... (not to mention volume effects)

TracePro keeps track of where all this flux is going and reports it!
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Material Property Definitions

Incident Medium, n,

%
Incident Media
Light Ray / Boundary
Refracted = — Refraction
Light Ray Media, n,

<—(Dr—>

Snell’s Law: The formula used to define when light rays are incident to a boundary between two
mediums, 1.e. plastic or glass and air. The light rays are refracted at this boundary and this shows this
interaction. For an angle of incidence 0, in a material with an index of refraction n,, the angle of
refraction 0, in a material n, can be defined as n;sin0; =n,sin0, TracePro automatically used Snell’s law
when this is a material present on any object that a ray intersects.
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Surface Properties Info

Fresnel Loss: Occurs when light rays cross from one refractive boundary to
another. There 1s a loss associated with this transition and it 1s defined as:

2

ni—nf_
ni+ ny

Where n, and n; are as shown in the Snell’s law Powerpoint slide. For plastic to
air and glass to air, the Fresnel loss at visible wavelengths is about 4 percent.
The Fresnel loss is much greater in the infrared wavelengths!

In TracePro, Fresnel loss is automatically calculated at a surface when the

object has a material property but no surface property (surface property is
shown as none in the system tree)
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Surface Properties

Total Internal Reflection (TIR): TIR occurs when light passes from a medium
of high refractive index into a material of lower refractive indices. If the angle
of incidence is greater than the critical angle then the light will be reflected.

. Refracted
Light Ray —™——
Air i Media
/ Boundary
Incident
Light Rays

Tot
Inte
Rei[lected Ray

The critical angle is defined where the sin 6, (90°) = 1. This then reduces Snell’s
law to: Sin 0, = n¢/n, where n,= 1 (air). The critical angle 1s usually 42 degrees
for plastics and glass in the visible wavelengths.
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Generalized Monte-Carlo Ray
Tracing

* Non-deterministic computational algorithm
— The ray trace has multiple choice points

« Each choice is determined by pseudo-random sampling of
probability

* A good sampling requires many rays
« Rays can be split at choice points (determined by user)

— Splitting (or not) does not affect accuracy of results but
does affect ray-trace time, i.e. convergence to accurate
result

« Low probability paths my be under-sampled with traditional Monte
Carlo methods

— Importance Sampling methods increase sampling in low-probability
paths
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Ghost Analysis
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Definition of Ghosts

Ghost images are out-of-focus images of
bright sources. Light must reflect an even number
of times from lens surfaces. If the source is small
each ghost looks like the aperture stop. If the
ghost is focused on the image plane, the ghost
looks like the source
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A Complex Ray Trace Example with threshold reset

7

B Raytrace Options =l LB ‘

Options  Thresholds | Simulation & Output | Advanced |
Flux Threshold:  0.0001
fractional value of starting flux)
Intercept Limits

Total Intercepts: |1DOO

More Ray Splittin

going on due to

fresnel losses due to
x threshold

Total Scatters: |1000
_\%\‘E_‘\ Random Scatters: |1DOO

— e W& | Optical Scatters: I]DOO

Apply Set Defaults

L

== 7

Decreasing the Flux Threshold in Raytrace Options increases the number of ghosts due to
fresnel losses. For this re-evaluation of the system, the flux threshold was set to .0001.

rrrrrrrrr
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A Complex Ray Trace with ray paths shown

§) TracePro bxpert | aicumeas)| | Analysis | Reports Tools Utilities Macros Wir
File Edit View l}lsen Define Raytrace Analysis Reports Tools Utilitiesr Macros  Window Helpir - J Display Rays
.—I—I—ID 12 éli Zjeim] plE] ol K| %| ' DRBIm|| | «|5| EiE sl ¢le|| L S 5| v Display Selected Paths
| B R|Q|R|E|é7| [+ ]tz %= ] 27| ¢ w|H e c|r| O|u|2|S IR 3
| slajalee|alz| [+ ofu xlulol el elnl]| | Dlalelile] Bls[e[0] ENE Display Selected Rays
) Modek{Simple raytrace.oml]
& Lens1 Select Rays...
./ Reflector
=~ Target Ray Colors...
Surface 0
@ Surface 1 R rting...
o ka2 3y Soiting
Surface3 |Y Path Sort Table
Surface d
T :::f:;; ’ =-—:%_ﬁ__ﬁ Irradiance/llluminance Maps
et : = Irradiance/Illuminance Options...
Model | Source [Rad Luminance/Radiance Maps...

] Ray Path Sorting [Simple raytrace.oml] Luminance/Radiance Map Options...

Ray Path |Source Wavelength | No. Rays | Absorbed Flux /| % of Total |Incident Flux

©1 d Source | |207347613517402  |99.98 207347613517402  |99.98 [specutar | | 3D Irradiance/llluminance
1 |Emitted 3D Irradiance/llluminance Options...
2 SpecTran Lens1 Surface 2
3 SpecTran Lensl Surface 0 C
andela Plots »
4 SpecRefl Reflector Surfacel
5 | AtSurface Target  Surface0 Candela Optionsm
©: [ErErS 2 0.00286680426298308 |0.01 0.00286680426208308 |0.01 |Specular | | I
1 [Emitted Polarization Maps
2 SpecTran Lens1 Surface 2
3 SpecReil Lens1  Surface0 Polarization Options...
4 SpecRefl Lens1 Surface 2
5 SpecTran Lens1 Surface 0 OPUTime-of-fllght PlOt
6 SpecRefl Reflector Surfacel
7 AtSuface | Target Surface0 OPL/Time-of-flight Plot Options...
©3  |GridSourcel 05461 1 0.00167229761225135 | 0.01 000167220761225135  0.01 Specular
1 Emitted Incident Ray Table
2 SpecTran Lens1 Surface 2 - -
[For Help, pressFL [¥:0.000000 ¥:10.129084 Z:41.800678 mm [X:0.000000 Y:30.897469 7:25.172287 mm Y Ray Histories

TracePro 7.1 has the ability to display a path sort table. In this table we can select paths that we want display in the
system view using the Analysis| Display Selected Paths options as shown. For this example we have selected the first
and second ray paths which are shown by the high intensity red rays for the first path and blue rays for the second.
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Cooke Triplet Example

Al

Ray Sort for Model Window.

Sources: |Al

‘Wavelength:

/

7

@

Analyzing a cooke triple with the flux threshold set to .001 we can create quite a few

The Ray Sorting capability is quite helpful when trying to see these ghosts.

ghost paths.

Lambda
Research
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Cooke Triplet Example

A DR Ee A R R ST S RN RCT Wl
D8] ||| %86 v ofe]s| @ &[] ol=Em|| | <% il 2| &|&|w| KT
s[a[a[al&lSlElE] +] JC el =l o4l | pDislale] el=[2[E]] | /18]

-
1] Ray Path Sorting [cooke.oml] 5 Iradi i Map:[cooke.oml] 3l |
Total - Irtadiance Map for Absorbed Fhux | —
Ray Path |Source Wavelength ‘ No. Rays J Absorbed Flux 3 I % of Total | Incident Flux I % of Total J Path Type | Ne. |lnlercept Type IObjcct I Surface Detector Surface 1 Giobal Coordinates -
@1 Grid Sourcel 0.5461 mn 190.960204390131 9945 190.960204390131 99.45 Specular |
CERNG e Josien s ozemsrere (012 oo (0 specwr | | |||
1 Emitted
2 SpecTran Lenst  Surface2 | =
3 SpecTran Lensl Surface 0
| 4 SpecTran Lens2 Surfacel
Reflection off the back surface of the third lens 5 |SpecToons  |Lenss  jSurtace)
back to the front of the first lens and then 6 SpecTran Lens3 Surface 2
reflected back through all three lenses __-_"_'* 7 SpecRefl Lens3 Surface 0
i 8 SpecTran Lens3 Surface 2
9 SpecTran Lens2 Surface 0
10  SpecTran Lens2 Surfacel |
.11 SpecTran Lensl Surface 0 s S 0 &8 & 4 2 T -m.'
12 | SpecRefi Lenst  Surface2 X L)
13 SpecTran Lensl Surface 0 Min:0, Max8 502724005, Ave:T47.77
14 |SpecTran Lens2  |Surfacel Total Fhoc0.23432 W, FhevEmitted Fhoc0.00080688, 169 Incident Rays
4} Modek[cooke.oml] [el@]=]
 Lensl
- Lens2
®- .~ Lens3
B . Detector
@ Surface(
@
- Surface 2
Entity 4
- Lens

Lens Data Fr

< T - r

Model I Source

For Help, press F1 X:0.000000 Y:5.586720 7:38.291424 mm X: 9.7607656 Y: 7.0813397 Z: 58.529107 | 0 W/m® NUM
T —— il — i T ol el il

Using the Analysis|Display Selected Paths option allows the user to see this 2"d largest
contributing path. This is important to determine if the paths is right on top of the signal or
diffused out over the entire detector. The irradiance map works in conjunction with the ray
path sorting and shows only the contribution from this second path.
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Cooke Triplet Example

File Edit View Inset Define Raytrace Analysis Reports Tooks Utilities Macros Window Help

DIw(8 & | 1|3 o|-| clo|e| o] A ¥ | OEm]| | <5 06 o) ele|s| 5|

4} TracePro Expert

e e o e K K 2 = = T e R A Y

1 Ray Path Sorting [cooke.oml] ] Irradiance/Mluminance Map:[cooke.omi] [ @]=]
Tolal - Imadance Map for Absorbed Fhax =

Ray Path |Source Wavelength | No. Rays | Absorbed Flux 77| % of Total |Incident Flux % of Total |Path Type | No. |Intercept Type | Object |Surface Detector Surface 1 Giobal Coordinates

W Grid Source 1 |0.546 66 9 0.00 66 g 0.00 pecula o

0 8 8 4 2 0 2 4 & § 103
9 0

1

-10 I 10
08 8 4 2 0 24 8 -0
X (milimeters)

Min:0, Max:3.0212e+009, Ave:8.484e+005
Total Flux:206.53 W, Floo/Emitted Flux:0.98352, 271 Incident Rays

© 1 | Surface Data from: Default
i - Surface Property: 3 Layer AR
{ | L.Spherel6.7 millimeters

| [@-Surfacel

. @ Surface2

ntity 3

ens

m,

.~ Material from SCHOTT
Material name SK16

| lLens Data From CODEV
B~ Detector

Mude‘l I Source lRa&ian(el

For Help, press F1 1X:0.000000 Y:3.692741 Z:-11.336437 mm 1X:0.000000 Y:9.925584 Z:-12.862103 mm |NUM ]
|

— e

If we coat the lenses with a 3 layer AR coating, you can see that all the ghosts no longer have
paths to the detector. There is only one ray path and the signal is perfectly focused on the
detector.
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The Monte Carlo Method, Ray Splitting and
Importance Sampling
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Monte Carlo Ray-tracing and
Sampling

* A crude Monte Carlo calculation is the simplest form of a probability experiment
— Perform an experiment N times, count the number of times n that the event occurs

— An estimate of the probability is: p,=n/N
— We can never get an exact value of p,, but we can make the uncertainty in p, arbitrarily

small by increasing N. 1
* The absolute uncertainty in p, is: ow»= /%

« The relative uncertainty in p, is: &= a=p (where p denotes the true

probability) PN
— Hence, the accuracy of the result is inversely proportional to the square root of the
number of trials (enough trials will always lead to the correct answer)

« On a higher level, Monte Carlo is a technique of numerical integration for complicated
multiple integrals that cannot be done by more conventional numerical methods
— Anintegral such as j---.[g(xl,xz,---,xL)ﬁbC@fz...cbcL can be estimated by sampling the
variables x;, computing g for this set of samples, and repeating this process N times,
summing the terms to obtain the estimate (histogram method, trapezoidal rule,

Simpson’s rule, ...etc.)
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Variance reduction

« Variance reduction techniques are used to reduce
the variance or uncertainty in the result of a Monte
Carlo calculation after a given number of trials.
Conversely, the number of trials needed to obtain
a given uncertainty can be reduced.

« Splitting is a variance reduction technique used in
Monte Carlo simulation. Ray splitting is used in
TracePro.

* Importance sampling is a second commonly used
method for variance reduction.

TracePré: kambds
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Ray Splitting

« Ray splitting is a technique in which a ray that strikes a
surface can be split into several component rays, namely
absorbed, specularly reflected, reflectively scattered,
specularly transmitted, and transmissively scattered.

« The flux of the incident ray will also be split, with a fraction of
the incident flux assigned to each component ray according
to the properties of the surface.

« The process of splitting is repeated at each surface intercept,
so that a tree-like structure of rays results.

* This process tremendously improves sampling in most
cases, with a tolerable slowing of the raytrace.
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Ray Splitting

incoming ray
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Importance Sampling

« Importance Sampling is used to improve the sampling of
random events without dramatically increasing the number of
rays started.

« Uses the scattering distribution function as a probability density
to apportion a fraction of the scattered ray flux into a desired
direction.

« May be used for emitted, scattered and diffracted rays only, on
surface sources, scattering surfaces, diffracting surfaces and
bulk scattering objects.

« Apply to object(s) for Bulk Scatter.
* Apply to surface(s) for all others.
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Importance Sampling

Incident Ray Ignportlar:jcs
ampled Ray
Importance
Sampling
Target
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Importance Sampled Flux

4
BSDF or Probability
Density
I8 - Bo|
AL
Divp.samp. = Pine. j BSDF cos8dQ
AQ
(Drandom = (Dinc. TS - cDiiﬂp.samp.

TS=  [BSDF cos8dQ

hemisphere

Tra Ce I I &/ zlijégérg%illl




Importance Sampling Example

random rays

specular rays

/ e nCe
sampled
. rays
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Importance Sampling Sources

Source Example
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oy Propes Ii- = ! SE = B Model:[ImportanceS ample. OML]
Class and User Data
Color
Diffraction Taiget |1 +| of1 Rays/cell: |1
Exit Surface
Fluorescence Direclion:]Tuwa:d "l Shape: |Annular 'I
Gradient Index
Importance Sampling ~ Target Center—— [~ Normal Vector—— [~ Up Vector
Material % [o %[0 % [0
Mueller Matrix
Prescription Y: IU - |0 y: [1
Raytrace Flag z [ zh z [0
ok B ||zl |
Surface = = = -
Surface Source [~ Target Size 1 Cellsin each dimension
Temperature s Frosrg
T ahure Distrbution Outer radius: {10 Rings: |1
looaliace |0 Sicss: [1 B Model:[ImportanceS ample. OML]
Single Surface is selected.
Add | Aool | Delete | =
1
——




Importance Sampling Scatter

B Model:[Untitled1]

Surface Example

 Flux threshold

typically set very low

| |9 Suface5  —

Ibject 1 =
[+)- Surface 0
+)- Surface 1
[+ Surface 2
[+ Surface 3

Apply Properties (B | =
-Entity 1
Bulk Scatter Importance Sampling
Class and User Data B IOCk_ -
Color ‘ A atari ‘rnr;
Diffraction Target: [1 v | of1 Rays/cell: |1 _‘ J
Exit Surface
Fluorescence Direction: lTaward - Shape: |Rectangular vI
Gradient Index
Importance Sampling  Target Center 1 Nommal Vector ~Up Vector
:BS"*M " % [o % [o % [0
uelier Matnx
Prescription 7l ) v [o y: 1 B Model:[Untitled1]
2‘“’1‘{?‘3 Flag z [25 z [ z o Abject 1 JT
epTile
Surface : ' +- Surface 0
Surface Source Target Size Cells in each dimension % Surface 1
Temperature S -
Temperature Distribution X width: IS X cells: |1 4] su‘iace 2
Y width: |.5 Y cells: |1 +] Surface 3
' 2E Surface 4
Single Surface is selected. 4 Surface 5
Entity 1
Add | popy | Delete Bloct
. -
. M sbariz) Froaen
it il
——————— —
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A World without Importance
Sampling

e Suppose lens BTDF is
A=2e-5, B=1e-6, g=2.

« Lens scatters at angle of ~30° to
get to detector, so .

p, = f, cos@AQ

0 = 30° » cos 6=0.87
|B-Bol = 0.5 » £, =8x10°
AQ = (0.002 radian)®=*> AQ =4 x 10"

p, = 2.77 x 1010
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A World without Importance
Sampling

 Total probability is piy = PP, = 3.46 x 10-1

* You must start 3 x 10'° rays to get 50% chance of
one ray hitting the detector!

» Solution: define importance sampling target for
lens surface. Probability p, increases to 1.0, total
probability is 1/8.

* You can also define a target for sampling from the
baffle to the lens, but this is not always necessary.

TracePri:-
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Stray Light and BSDF

Used Definitions:

NAME SYMBOL UNITS

Irradiance E w/m?
Radiance L w/m?2-sr
BSDF f 1/sr

e
TracePré:- fambes
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Forms of Stray Light

Straight Shots

Where light from a bright source can bypass the intended path and finds a straight specular
path to the focal plane.

Ghost Images

Ghost images are out-of-focus images of bright sources. Light must reflect an even number
of times from lens surfaces. If the source is small each ghost looks like the aperture stop. If
the ghost is focused on the image plane, the ghost looks like the source

Singly-Scattered light

Occurs when a stray light source illuminates the optics or some hardware that the focal
plane sees. Some portion of the light will scatter into the field of view and become stray
light. Once in the field of view, there is no way to eliminate it.

Multi-Scattered Light

Even when stray light sources do not illuminate the optics directly, they can still scatter from
structure or baffles and then illuminate the optics. While this is always smaller than direct
scatter it may be large enough to be of concern.

Edge Diffraction

When the ratio of aperture diameter to wavelength is relatively small (10”4 or smaller), edge
diffraction from the aperture stop from out-of-field sources can be a significant source of
stray light.

Self-Emission of Infrared Systems

Thermal imaging systems can have stray light caused by emission from the instrument itself.
The peak of the blackbody emission curve for room temperature is at about 10pym. Thermal
imagers typically subtract the background to enhance contrast, but this is best performed
when the background is uniform.

Combinations Of The Above

TracePré: Lambds
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Four Methods to Reduce Stray Light

Move It
Moving the stray light by tilting a lens, moving the detector, or angling the offending stray light
surface is the best way of getting stray light out of a system. You may need to add a beam
dump to completely get rid of the problem.

Block it
Even when stray light sources do not illuminate the optics directly, they can still scatter from
structure or baffles and then illuminate the optics. Using baffles is a great way to stop out of field
sources from sending light directly to the detection device.

Paint It

Usually occurs when a shiny object is illuminated by a stray light source. Coating the offending
shiny object with black paint usually reduces this stray light quite substantially but not
completely to 0. For instance, black anodized aluminum can be 35% reflective but there are
better black paints available several are in the 3 percent range but there can be problems with
out gassing and degradation over time with these coatings. Some portion of the light will always
scatter into the field of view and become stray light even with the best of coatings. Set a
tolerable specification

Coat It
Especially important to get rid of ghost images - Ghost images are out-of-focus images of
bright sources. Light must reflect an even number of times from lens surfaces. If the source is
small each ghost looks like the aperture stop. If the ghost is focused on the image plane, the
ghost looks like the source. To get rid of ghost images we coat the lenses with anti-reflective
coatings to reduce ghosts
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Importance Sampling for Stray Light

* Importance Sampling targets should be defined for each optical surface. The target
should coincide with the real or virtual image as seen from that surface.

«  The Auto Importance Sampling Setup feature will define targets for all optical surfaces.

* Importance sampling targets can always be added manually. Each surface can have an
unlimited number of importance sampling targets.

* You may or may not need importance sampling on non-optical surfaces (lens barrels,
baffle vanes, etc.).

« If you do define importance sampling targets for non-optical surfaces, surfaces that can
“see” an image should have a target at that image. Surfaces that cannot see an image
should have an importance sampling target at the next optical surface in the optical
train.

* You should define importance sampling targets for diffracting surfaces, just like an
optical surface.

« If only a few randomly scattered (non-importance-sampled) rays hit the image with high
flux, causing hot spots, this usually means more importance sampling is needed.

« Itis possible to overdo importance sampling, slowing the raytrace. A goal is to get
about one ray on the image surface for each starting ray. Getting within an order of
magnitude of this goal (either way) is OK. Modeling of bulk scattering will make this
goal hard to achieve.

TracePré: Lambds
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BSDF vs. Scattered Intensity

 BSDF is a generic term for measured scattering of light. There are
three specific varieties of BSDF
— BRDF (Bidirectional Reflectance Distribution Function)

— BTDF (Bidirectional Transmittance Distribution Function)
— BDDF (Bidirectional Diffraction Distribution Function)

« Scattered Intensity or “Cosine Corrected BSDF”

— In the old days, people measured the scattering properties of a
surface by measuring the scattered intensity (w/sr) normalized
to the incident power (w). This differs from the BSDF by a factor

of coso.
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Typical BSDFs

 Polished surfaces

— BSDF from microroughness is proportional to Power
Spectral Density (PSD) of roughness

— Values of g from 1.5 to 3.5, but 2 to 3 is more common
— Bis small, 1e-6 to 1e-10, depending on surface statistics

— Contamination BSDF: similar in form to microroughness
BSDF

 Diffuse surfaces

— If g = 0, BSDF is perfect Lambertian. Many baffle
coatings come close to this.

— If not Lambertian, typically B is large, 0.1 to 1, and g is
large, 2, 3,4, 5, 06...

TracePri:- Retearch
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ABg BSDF model
A=.0025, B=.001, g=1.8

1E3
| Power law

1E2 ==HBSDF

1E1 At _|Roll-off point
g Z
T N T
3 B0 ==[Rol-off value | - = =
g & -

1E1 ABgmodel | = =

\\\
1E-2 = =2
=~ Roll-off -Ro
1E-3 £
0.001 0.01 0.1 1
|B-Bo|
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“ABg from RMS” spreadsheet

Input parameters:

sigma (rms roughness) 50 Angstroms min wave 0.25 um
autocorrelation length= 100 um

wavelength = 0.5 um

dn = 2 dn = difference in index of refraction
RorT 0.95 R or T is (total) reflectance or transmittance

Note: for a mirror, dn=2
Calculated ABC model coefficients:

As = 1.570796327 Strictly valid only for C=2
Bs = 628.3185307 um Strictly valid only for C=2
C= 2

rms roughness/wave 0.01 Not valid if greater than 0.02

S = power spectrum

D= 2400.28779 Raw Integrated BSDF 0.015552516
BSDF(0) = 3770.363244
ABg coefficients for TracePro Bennett & Porteus TIS  0.01488397
A= 1.81832E-06 Correction factor 0.95701366
B= 5.0393E-10
g= 3 Corrected

TracePrid:- Lambag
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Eliminate zero-order paths

« Examples of straight shot or zero-
order paths

TracePri:- kambes
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What can be “seen” by the detector?

« Trace rays backward from the image plane to help determine
what surfaces can be “seen” by the detector

— Make the detector surface into a surface source, or define a grid
source immediately before the detector, pointing backward.

— Display the Flux Report to determine which surfaces the detector
can see.

— Use Ray Sorting to see the paths of rays reaching those surfaces.

* In a similar way, trace rays forward to determine what surfaces
can be illuminated by the source.

« Non-optical surfaces that can both be “seen” by the detector and
illuminated by the source are “critical surfaces.” Either the
illuminating or seeing path should be blocked by a baffle or
otherwise mitigated.

« Consider different paths for cases of “before” and “after” the
aperture stop.
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Use Analysis Tools

* Analysis Mode
— Ray sorting:
 For ray display to see the paths of stray rays.

« Forirradiance maps to see irradiance distributions for specular vs.
scattered rays.

 For irradiance maps to see the paths where stray rays for hot spots.
— Incident ray table
— Ray history table
— Path Sorting in TracePRO 7.1
« Determine contributions of different stray light paths.
« Determine under-sampled paths and improve importance sampling.
« Simulation mode
— Ray Path Sorting
« Determine contributions of different stray light paths.
« Determine under-sampled paths and improve importance sampling.
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Ray sorting for display

1. TracePro Expert - [Model:[Newtonian.OML]] E]
- 8 X

0 File Edit Yiew Insert Define Raytrace Analysis Reports Tools Macros Window Help

'l

Ray Sorting

D|@(8] @|| %(%|@| o|~| s|o|w| 6] &[W] &

= | -+ Y|
Q| &|RIR|E (& 4| < | u| =1 x| w|H Ray Sort for Model Window.
# ./ Fold ) =
# ./ Main tube Sort Type: ISeIecled Surface _|
./ Baffle Yane 1 For the currently selected surface
+ ./ Eyepiece tube Sz I Al LI ]
+ ./ Primary
-/ Image Wavelength: Al =~
+ Surface 0 't X |
Eflimage | % Starting Rays to Display: IWU
4 Sur!’ace 2 I Flux Display Range (as a fraction of Peak Flux) ) -
Entity 6 P =P Daal 1 %072k
CylfCone Y Fluz Bange - Peak 1'Watts
Material from <Mone> , b | Wiz I an-10
Material name <Mone> IL - 7 ‘
Update |
‘ Model ] Source | Radianc

For Help, press F1 %:0.0000 Y:-6,6298 Z:-36.8829 inches | 1%:0.0000 ¥:7.2710 Z:-31.6368 inches 4
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Ray sorting for ray type

CBX

fi: TracePro Expert
File Edit View Insert Define Raytrace Analysis Reports Tools Macros Window Help

D|wE) &) 4(®[F 0| slo|e| o] k| || OBlBIm|| <4 DE ol slels| 5| 2]

Qe[| &|’&|&|& +| | = ||o[H|| D[AB[c|P| Bla|=(T|] /[R]
Q@@ i Irradiance/llluminance Map:[Newtonian.OML u E

fi. Model:[Newtonian.OML]
Total - Irradiance Map for Absorbed Flux

x
Zd

Y Y
x| za

+ ./ Fold
+ ./ Main tube Image image Glohal Coordinates
+- ./ Baffle Vane 1
+- ./ Eyepiece tube Wifm=
+ ./ Primary 100000
-/ Image 31622.8
+ Surface 0 10000
+ 3162.28
+ Surface 2 ; 1000
Entity 7 nay sorting 316.228
CYUC!IDHE Ray Sort for Model Window. 100
Material from <None>
Material name <Mone> Sort Type: IMuItipIe Scatter Ll A '62123
For the currently selected surface @
316228 @
Sources: IAII LI 1 2
Wavelength: |A|| _v_] 0 620218

0.0316228
0.01
0.00316228
0.001
0.000316228
0.0001
3.16228e-005

% Starting Rays to Display: |10

I Flux Display Range (as a fraction of Peak Flux)
Update

(0.5-127,-1143.5) (0.5-127-1142.5)

(inches)

1e-005

Irradiance Min:0 Wim? Max}:38750Wim?, Ave:66.066 YWim?,
RMS:1108.8, Total Flw:0.033476 W 867 Incident Rays
Sorted on Multiple Scatter rays

Model I Source IRadianc-

For Help, press F1
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%:0,0000 Y:-4.4578 Z:-24.2329 inches %:0.0000 ¥:10.8821 2:-33.6170 inches




Ray sorting for hot spots

fi. TracePro Expert

File Edit Yiew Insert Define Raytrace ENENES
D8 S| %% G| o oy (0| B (B|m] | || EIME ol &|6|w| K[| 2%
eeja &|&|a|&|&| +| | Dol r| Bls]=D] 4%

Reports Tools Macros Window Help

Select Rays...

Ray Colors... | =
| fi:Model:[Newtonian.OML] Ray Sorting... ([O)(X] = irradiance/Illuminance Ma p:[Newtonian.OML] Use \[z]
il = . Fold , ) | Total - Iradiance Map for] Shift/dra s

%/ Main tube irackance/Thssinance Mags Image image  Global g
4/ Baffle Vane 1 Irradiance/Illuminance Options... to make
+- ./ Eyepiece tube Luminance/Radiance Maps Wim?
: : rectangle
+- ./ Primary Luminance/Radiance Map Options... UU -05-127-1143.5 g
-/ Image 316
+ Surface 0 3D Irradiance/Illuminance 10000
+ M 3D Irradiance/Illuminance Options. .. 3162.28:
+ Surface 2 1000
Entity 7 Candela Plots 4
ntity Candela Opti 316.228
CyllCone andela Options. .. o
Material from <Mone> Polarization Maps 31 6228 . .

Material name <Mone> N

Polarization Options...

10 ]
@

OPL/Time-of-flight Plot 316228 2 Then
OPL{Time-of -flight Plot Options. .. v 1 | 5 choose

0.316228
Incident Ray Table 0.1 1 D ISplay
Ray Histories 0.0316228

i Selected

B 0.00316228 Rays
0.001

0.000316228
0.0001
3.16228e-005
1e-005

(0.5,-127,-1143.5) (0.5-127 -1142.5)

{inches)

LZ
Irradiance Min:0 Win?, Max:38750 Win?, Ave:66.066 Winm®,
RMS:1108.8, Total Flux0.033476 W 867 Incident Rays

Model I Source | Radianc Sorted on Multiple Scatter rays

Display only selected rays %:-0.0000 ¥:-8.0647 Z:-21.6622 inches %:-0.0000 Y:60.7431 Z:-36.4997 inches
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Incident Ray Table

fi: TracePro Expert

File Edit View Define Raytrace N.UEl%W Reports Tools Macros Window Help

DS E & »|8@ g ojaB|m| <% Bl e

Select Rays... =
KK & @\l(:}\ oY ':‘.'I Ray Sorting... *’l —l :0>| >||B| :l Pl [’]l - ] ':!'Ll. | v |%I i’

Ray Select

fi . Model:[Newtonian.OML]

-/ Fold
./ Main tube
# . Baffle Vane 1 Luminance/Radiance Maps...
-/ Eyepiece tube Luminance/Radiance Map Options...
-/ Primary
=/ Image 3D IrradiancefIlluminance
[+ Surface 0 3D IrradiancefIlluminance Options...
+
fiE G=S Candela Plots
[+ Surface 2
Entity 7
CVI-‘C‘"“? Polarization Maps
Polarization Options...

IrradianceIlluminance Maps
Irradiance/Tlluminance Options...

Candela Options...

OPL{Time-of-flight Plot
OPL{Time-of-flight Plot Options...

Incident Ray Table
Ray Histories

Ray Mumber |Wavelength  Source ‘ Start Ray [ Ray Node Type I History Flux ¥ Pos. X Vec. [ ¥ Vec. | ZVe
0.5461 GridSource 1 5 6 RandRef| 2.26058e-007 -0.354232 -0.286567  -0.90514 031
RandRef] |9.46862e-007 |0.43352 : |-45.13 0.256557
05461 Grid Source 1 98 RandRef| 3.78734-007 -0,0329022 45,3696 -0,200419  -0.873541 0.4
0.5461 Grid Source 1 105 RandRef| 5.30295-006 -0.276331 -44.8958 -0.803183  -0.555836  0.21
0.5461 Grid Source 1 RandRefl 7.34745¢-007 -0.165481 -44,7931 0.148384  -0.971666 0.1
0.5461 Grid Source 1 125 RandRef| 4.1138e-007  -0.280286 -44,8888 -0.00265085 -0.959272 0.2
0.5461 Grid Source 1 163 RandRef| 3.39652¢-006 0.0711633 -44,9069 0239088  -0.956141 0.1

N.54A1 Grid Sniirre 1 f Randrefl 7.12A8e-NN7  -N.153379 £ -44.R3RA -N.20NRIR -N.933N0N4 noc™¥
|

| AR NGB N =

Display only selected rays %:-0,0000 ¥:0.5768 Z:-44.1310 inches %:-0.0000 Y:8.6962 Z:-77,3955 inches T~

TracePri:- Research

Corporation




Ray History Table

fi: TracePro Expert
File Edit View Define Raytrace Analysis Reports Tools Macros Window Help

Di=|E| 8|| »[%[E «|=| s|o|s| @ x| ]| ORSm| < &)@
elaf& &|&|RIF ] | v o] ] 2] v [ ]| pIA]e] ] p| Bl=] =[] L] ¥

f1. Model:[Newtonian.OML]

[+ [+

1/ Main tube
|-/ Baffle Yane 1
|-/ Eyepiece tube
1/ Primary

][] (] (%]

[+ Surface 0
&
# Surface 2
Entity 7
CylfCone 7

< i 23 M Ray History Table:[Newtonian.OML]

_Model l Source IRadianc-
M Incident Ray Table:[Newtonian.OML] k| <2 5| ot | mageimage

Wavelength |RayNode  |StartRay | X Pos. ¥ Pos. Z Pos. OPL X Vec., ¥ Vec,
Ray Mumber |Wavelength  Source | Start Ray 5 -0.602432  -0.680068  -50 1 0 0 -0.34202
0.5461 Grid Source 1§ A -0.602432  -3.95437 -41.0039 1 9.57343 0.561804  0.298141
Grid Source 1 |58 A ' 3.61246 -1.71759 -46.7934 0.0999385  17.0759 -0.86499 -0,282917
0.5461 Grid Source 1 93 . . -0.47243 -3.05366 -44.8363 2.26958e-005 21.7983 0.749976 -0.11427S
0.5461 Grid Source 1 } | 0.22818 -3.16041 -45,4449 2.26958e-006 22,7325 -0.286567  -0.90514
0.5461 Grid Source 1 -0.354232 S -44,8067 2.26958e-007 24.7649 ]

0.5461 Grid Source 1

0.5461 Grid Source 1
N.54A1 Grid Snree 1 . RandRefl 7.12A8e-NN7  -N.153379 -5 -44 .A3RA -N.2NNRAA -ﬂ.93|3nfl4

‘Awﬁlo\(ﬂ&wl\)w

For Help, press F1 X:-0.0000 Y:-5.4922 Z:-41.5973 inches %:-0.0000 Y:6.8098 Z:-43.9676 inches
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Ray Path Sorting File

B3 Microsoft Excel - Newtonian_Dec2005-pathsort. txt

E File Edt View Insert Format Tools Data Window Help Type aquestionforhelp & o @ X
N EE RO R B9 8 4 me i 20 o B Z U KRS o I o DAL
224 = #
A [ B [ ¢ T o T E T F T ®© - - - - -
*Graphical path sorting available in Analysis mode
Wavelength = 0.5461 . in . - - .
S s Numeric-based path sorting available in analysis and
Summary ray path output - paths sorted by absorbed flux. simulation mode

Ray path No. rays  Absorbed [Percent of Summary of Intercept types

[ 1|

2

| 3

[ 4 |

5 |

| 6 | 0 3087 0.169699 53.1484 (1 ImpReflj(1 RandRefl) X

B 1 883 0.060741 19.0235 1 ImpRefl)({1 RandRefl) ™. Raytrace Options

(8 | 2 206 0.041445 12.9803 (1 ImpRefl)(1 RandRef) .

El 3 1916 0.008763 274445 (1 ImpRefl)(2 RandRefl i I& T — | Theshoids |

10| 4 1523 000837 262136 (1 ImpRefl) (2 RandRefl) Lt SIS l Advanced |

[ 11 | 5 161 0.008237  2.57966 (1 ImpRefl} (1 RandRefl) B :

[12] B 703 0.004974 155769 (1 ImpRefl)(2 RandRef) SRR Hecton

13 | 7 769 0.003525 1.10401 (1 ImpRefl) (2 RandRefl) IV Collect Exit Surface Data

(14| 8 62 0.003315 1.03836 (1 ImpRefl) (1 RandRefl) ™ Colect Candela Dat

[ 15 | 9 307 0.002301 0.720703 /(1 ImpRefl) (2 RandRefl) e

116 | 10 12 0.001063 0.33289 (1 ImpRefl) (1 RandRefl) Index file name: ]DBLGAUSS.ndx ~
209|Ray path 0: No. rays = 3087, Absorbed Flux = 0.169699 ~
210|Representative ray: ~ Simulation File Output

211|Splitnum | Interceptty Object  Surface )

212| 1 Emitted [V Save data to disk during raytrace W
213 2 RandRefl Tube inside ¥ Save Ray History to disk

214 3 ImpRefl  Tube inside

215 4 At Sutface lmage  image plane ¥ Sort Ray Paths |mU[l # of paths

216|Ray path 1: No. rays = 883, Absorbed Flux = 0.0607408

217 |Representative ray: T e

218 Splitnum  Interceptty Object Surface SR s e e

213 1{Eméiad L ™ Save Bulk Scatter data to disk

220 2 ImpRefl  Tube inside

221 3 RandRefl Eyepiece t Surface 1

1222 4 At Surface Image image plane

223 |Ray path 2: No. rays = 206, Absorbed Flux = 0.0414452

224 |Representative ray: A I Set Defaults

225 Splitnum _ Interceptty Object  Surface i — |

226 1 Emitted | _ v
M4 M\Newtonian_D,e,czule—pathsort / I < | >
Ready

e
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For Additional Information
Please Contact:

Lambda Research Corporation
Littleton, MA

978-486-0766
www.lambdares.com
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