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Important notice

ZEMAX® is a registered trademark of ZEMAX Development Corporation Copyright © ZEMAX Devel-
opment Corporation 1990-2006. All rights reserved.

All other product names or trademarks are property of their respective owners.

Information in this manual is subject to change without notice and does not represent a commitment on
the part of the vendor. The software described in this manual is furnished under a license agreement
and may be used or copied only in accordance with the terms of the agreement.

The material in this manual is copyrighted and may not be reproduced or electronically distributed
without written permission from the copyright holder.

ZEMAX Development Corporation (ZDC) provides this publication "as is" without warranty of any kind,
either express or implied, including but not limited to the implied warranties or conditions of merchant-
ability or fitness for a particular purpose. In no event shall ZDC be liable for any loss of profits, loss of
business, loss of use or data, interruption of business, or for indirect, special, incidental, or consequential
damages of any kind, even if ZDC has been advised of the possibility of such damages arising from any
defect or error in this publication or in the Software.
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This feature is similar to the 2D DXF export feature described in the previous section. The key difference is
that the 3D DXF supports systems that are not rotationally symmetric.

Miscellaneous
Reverse Elements
Purpose:

Reverses a lens element or group.

Settings:

Discussion:
The feature may not work correctly in all cases if mirrors, coordinate breaks, multi-configuration controlled

data, surface tilts and decenters, or non-standard surfaces are included in the range of surfaces. Check the
reversed system results carefully to verify that the desired result was achieved.

Tilt/Decenter Elements
Purpose:

Tilts or decenters a single surface or a group of surfaces forming an element.

Settings:

Discussion:
The feature inserts coordinate break and dummy surfaces as required to tilt and/or decenter a single surface

or a range of surfaces. For more information on coordinate breaks see “Coordinate Break” on page 256.

Scale Lens
Purpose:

Scale will scale the entire lens by the specified factor. This is useful for scaling an existing design to a new
focal length, for example. Wavelengths are not scaled. The scale lens feature may also be used to change the
units from mm to inches, or other combinations of unit types.

Item Description

First Surface This is the first surface of the lens group to be reversed.

Last Surface The last surface of the lens group to be reversed.

Item Description

First Surface This is the first surface of the lens group to be tilted/decentered.

Last Surface The last surface of the lens group to be tilted/decentered.

Decenter X, Y The X and Y decenters in lens units.

Tilt X, Y, Z The rotation about X, Y, and Z in degrees.

Order Either tilt then decenter, or decenter then tilt.

Coord Brk Color Selects the spreadsheet display row color for the inserted coordinate breaks. See “Row
Color” on page 71 for a description of Row color.

Coord Brk
Comment

The comment string for the inserted coordinate break surfaces.

H ide  Tra i l i ng
Dummy Surface

If checked, any trailing dummy surface inserted as part of the tilt and decenter tool
modifications will be checked with the options "Skip Rays To This Surface" and "Do Not
Draw This Surface". See “Surface properties draw tab” on page 72.
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Settings:

Discussion:
Scaling of data is performed based upon the units of measure for the data. If the scale factor is X, then data

measured in lens units of length will be scaled by the factor X. Data measured in units of lens units squared (such
as millimeters squared) will be scaled by X squared. Some polynomial coefficients, such as those on the Even
Aspheric surface, have units that change from term to term, and ZEMAX accounts for this when scaling the data.
Other parameters, such as the conic constant, are dimensionless, and are therefore not scaled.

ZEMAX will generally scale all lens data in the Lens Data Editor, the Extra Data Editor, and the Non-Sequential
Components Editor correctly. ZEMAX also will scale almost all of the data in the Merit Function Editor, the Multi-
Configuration Editor, and the Tolerance Data Editor correctly as well.

ZEMAX will not attempt to scale some types of data, even though scaling would be appropriate for those types
of data. These exceptions are for data items such as the multi-configuration operand PAR3, that modify general
parameter data of surfaces or objects. These data items should be scaled manually, if required.

Data items that are not scaled properly should be reported to ZEMAX technical support.

Make Focal
Purpose:

Make focal length is similar to scale lens, except the desired focal length is typed in directly. The entire lens is
then scaled to make the focal length the specified value.

Quick Focus
Purpose:

Adjusts back focal distance for best focus. See also “Quick Adjust” on page 228.

Settings:

Discussion:
This feature adjusts the thickness of the surface prior to the image surface. The thickness chosen is that which

minimizes the RMS aberration. There are several different RMS computations that may be performed as
described in the "options" table above. The "best focus" position depends upon which criterion is selected. The
RMS is always computed as a polychromatic average over the field, using the defined fields, wavelengths, and
weights.

Quick Adjust
Purpose:

Item Description

Scale by factor If selected, then a scale factor may be entered directly.

 Scale by units If selected, then the lens will be converted by the selected units.

Item Description

Spot Size Radial Focus to best RMS spot radius image surface.

Spot Size X Only Focus to best RMS x direction spot size image surface.

Spot Size Y Only Focus to best RMS y direction spot size image surface.

Wavefront Error Focus to best RMS wavefront error image surface.

Use Centroid Reference all calculations to the image centroid rather than the chief ray. This option is
slightly slower, but more appropriate for systems dominated by coma.
Chapter 8: TOOLS MENU 228  HP, Ex. 1010 


	TABLE OF CONTENTS
	INTRODUCTION Chapter 1
	USER INTERFACE Chapter 2
	CONVENTIONS AND DEFINITIONS Chapter 3
	FILE MENU Chapter 4
	EDITORS MENU Chapter 5
	SYSTEM MENU Chapter 6
	ANALYSIS MENU Chapter 7
	TOOLS MENU Chapter 8
	REPORTS MENU Chapter 9
	MACROS AND EXTENSIONS MENUS Chapter 10
	SURFACE TYPES Chapter 11
	NON-SEQUENTIAL COMPONENTS Chapter 12
	SOLVES Chapter 13
	OPTIMIZATION Chapter 14
	GLOBAL OPTIMIZATION Chapter 15
	TOLERANCING Chapter 16
	MULTI-CONFIGURATIONS Chapter 17
	USING GLASS CATALOGS Chapter 18
	THERMAL ANALYSIS Chapter 19
	POLARIZATION ANALYSIS Chapter 20
	PHYSICAL OPTICS PROPAGATION Chapter 21
	ZEMAX PROGRAMMING LANGUAGE Chapter 22
	ZEMAX EXTENSIONS Chapter 23

	Chapter 1 INTRODUCTION
	About this document
	What does ZEMAX do?
	What doesn't ZEMAX do?
	Learning to use ZEMAX
	System requirements
	Multiple processor computers

	Installation procedure
	Installing the key
	Running ZEMAX

	Policy on the key
	Definition of support
	Getting technical support
	Policy on bug fixes

	Chapter 2 USER INTERFACE
	Introduction
	Types of windows
	Main window operations
	Editor windows operations
	Graphic windows operations
	Using the annotation feature
	Using pan and zoom

	Text windows operations
	Dialog operations
	Aborting long computations
	Summary of useful shortcuts
	Using the Windows clipboard
	ZEMAX file types by extension

	Chapter 3 CONVENTIONS AND DEFINITIONS
	Introduction
	Active configuration
	Angular magnification
	Apodization
	Back focal length
	Cardinal planes
	Chief ray
	Coordinate axes
	Diffraction limited
	Edge thickness
	Effective focal length
	Entrance pupil diameter
	Entrance pupil position
	Exit pupil diameter
	Exit pupil position
	Extra data
	Field angles and heights
	Float by stop size
	Ghost reflections
	Glasses
	Hexapolar rings
	Image space F/#
	Image space numerical aperture (NA)
	Lens units
	Marginal ray
	Maximum field
	Non-paraxial systems
	Non-sequential ray tracing
	Normalized field coordinates
	Radial field normalization
	Rectangular field normalization

	Normalized pupil coordinates
	Object space numerical aperture
	Parameter data
	Paraxial and parabasal rays
	Paraxial image height
	Paraxial magnification
	Paraxial working F/#
	Primary wavelength
	Radii
	Real propagation
	Sagittal and Tangential
	Semi-diameters
	Sequential ray tracing
	Strehl ratio
	Surface apertures
	System aperture
	Tangential
	Thicknesses
	Total internal reflection (TIR)
	Total track
	Units
	Vignetting factors
	Virtual propagation
	Wavelength data
	Working F/#

	Chapter 4 FILE MENU
	New
	Open
	Save
	Save As
	Use Session Files
	Program Mode
	Insert Lens
	Preferences
	Address
	Directories
	Graphics
	Miscellaneous
	Editors
	Printing
	Colors
	Buttons 1-16, Buttons 17-32, Buttons 33-48
	Status Bar

	Exit
	Recently used files

	Chapter 5 EDITORS MENU
	Lens Data
	Inserting and deleting surfaces
	The surface number display
	Cutting, copying, and pasting surface data
	Entering surface comments
	Entering radii data
	Entering thickness data
	Entering glass data
	Entering semi-diameter data
	Entering conic data
	Entering parameter data
	The Surface Properties dialog box
	Surface properties type tab
	Surface Type
	Surface DLL
	Surface Color
	Surface Opacity
	Row Color
	Make Surface Stop
	Make Surface Global Coordinate Reference
	Surface Cannot Be Hyperhemispheric
	Ignore This Surface

	Surface properties draw tab
	Hide Rays To This Surface
	Skip Rays To This Surface
	Do Not Draw This Surface
	Do Not Draw Edges From This Surface
	Draw Edges As
	Mirror Substrate and Thickness

	Surface properties aperture tab
	Aperture type and other aperture controls
	Aperture type codes and parameters
	Aperture projection on non-plane surfaces
	Aperture decenters and pickups
	User defined apertures and obscurations
	The UDA file format
	UDA Examples

	Surface properties scattering tab
	Surface scattering settings

	Surface tilt/decenter tab
	Using the Coordinate Return

	Surface physical optics tab
	Surface coating tab
	Setting and removing solves
	Setting and removing variables
	Menu options
	Edit
	Solves
	Options
	Help

	Merit Function
	Edit
	Tools
	Help

	Multi-Configuration
	Edit
	Solves
	Tools
	Help

	Tolerance Data
	Edit
	Tools
	Help

	Extra Data
	Edit
	Solves
	Tools
	Help

	Non-Sequential Components
	Menu options
	Edit
	Solves
	Errors
	Detectors
	Database
	Tools
	Help

	Undo, Redo, and Recover
	Undo: None
	Undo: Memory 1 Step
	Undo: Disk Multi Step


	Chapter 6 SYSTEM MENU
	Update
	Update All
	General
	Aperture
	Aperture Type
	Aperture Value
	Apodization Type
	Uniform apodization
	Gaussian apodization
	Cosine cubed apodization
	User defined apodization
	Apodization Factor
	Telecentric Object Space
	Afocal Image Space
	Iterate Solves When Updating

	Units
	Lens Units
	Source Units
	Analysis Units
	Afocal Mode Units

	Title/Notes
	Lens Title
	Notes

	Glass Catalogs
	Ray Aiming
	Ray Aiming
	Use Ray Aiming Cache
	Robust Ray Aiming (slow)
	Pupil Shift: X, Y, and Z

	Environment (ZEMAX-EE only)
	Adjust Index Data To Environment
	Temperature in degrees C
	Pressure in ATM

	Polarization (ZEMAX-EE only)
	Unpolarized
	Jx, Jy, X-Phase, Y-Phase
	Convert thin film phase to ray equivalent
	Method

	Files
	Coating File
	Scatter Profile
	ABg Data File
	GRADIUM Profile

	Miscellaneous
	Reference OPD
	Paraxial Rays
	Semi Diameter Margin (lens units)
	Semi Diameter Margin %
	Global Coordinate Reference Surface
	Method To Compute F/#
	Fast Asphere Trace
	Fast Semi-Diameters
	Check GRIN Apertures
	Turn Off Threading
	Don’t Print Coordinate Break Data

	Non-Sequential
	Maximum Intersections Per Ray
	Maximum Segments Per Ray
	Maximum Nested/Touching Objects
	Minimum Relative Ray Intensity
	Minimum Absolute Ray Intensity
	Glue Distance In Lens Units
	Missed Ray Draw Distance in Lens Units
	Maximum Source File Rays In Memory
	Simple Ray Splitting
	Retrace Source Rays Upon File Open


	Fields
	Vignetting factors
	Saving and loading field data

	Wavelengths
	Saving and loading wavelength data

	Next Configuration
	Last Configuration

	Chapter 7 ANALYSIS MENU
	Introduction
	Layout
	2D Layout
	3D Layout
	The orientation indicator
	Ray errors
	Configuration data
	Raylist file format

	Wireframe
	Solid Model
	Shaded Model
	ZEMAX Element Drawing
	Special characters

	ISO Element Drawing
	Summary of ISO 10110 symbols and codes
	Diameters and bevels
	Tolerance data

	NSC 3D Layout
	NSC Shaded Model
	NSC Object Viewer

	Fans
	Ray Aberration
	Evaluating results at intermediate surfaces

	Optical Path
	Pupil Aberration

	Spot Diagrams
	Standard
	Through Focus
	Full Field
	Matrix
	Configuration Matrix

	MTF
	FFT MTF
	FFT Through Focus MTF
	FFT Surface MTF
	FFT MTF vs. Field
	Comment about vignetting factors

	FFT MTF Map
	Huygens MTF
	Huygens Through Focus MTF
	Huygens Surface MTF
	Geometric MTF
	Geometric Through Focus MTF
	Geometric MTF vs. Field
	Geometric MTF Map

	PSF
	FFT PSF
	Assumptions used in the FFT PSF calculation
	Discussion of the FFT method and sampling issues

	FFT PSF Cross Section
	FFT Line/Edge Spread
	Huygens PSF
	Huygens PSF Cross Section

	Wavefront
	Wavefront Map
	Interferogram
	Foucault Analysis

	Surface
	Surface Sag
	The Contour Format String

	Surface Phase

	RMS
	RMS vs. Field
	Comments about RMS wavefront computations

	RMS vs. Wavelength
	RMS vs. Focus

	Encircled energy
	Diffraction
	Geometric
	Geometric Line/Edge Spread
	Extended Source

	Illumination
	Relative Illumination
	Effective F/#

	Vignetting Plot
	Illumination XY Scan
	Illumination 2D Surface

	Image Analysis
	Geometric Image Analysis
	The IMA format
	The BIM format
	How rays are chosen for analysis
	Calculating efficiency of multi-mode fibers
	Text output

	Geometric Bitmap Image Analysis
	Diffraction Image Analysis
	Comment about the coherent optical transfer function

	Extended Diffraction Image Analysis
	IMA/BIM File Viewer

	Biocular Analysis
	Field of View
	Dipvergence/Convergence

	Miscellaneous
	Field Curvature/Distortion
	Computing distortion when using real image height as the field type

	Grid Distortion
	Footprint Diagram
	Longitudinal Aberration
	Lateral Color
	Y-Ybar Diagram
	Chromatic Focal Shift
	Dispersion Diagram
	Glass Map
	Internal Transmittance vs. Wavelength
	System Summary Graphic
	Conjugate Surface Analysis
	Power Field Map

	Aberration coefficients
	Seidel Coefficients
	Seidel Diagram
	Zernike Fringe Coefficients
	Subaperture computations
	Strehl ratio approximation

	Zernike Standard Coefficients
	Zernike Annular Coefficients

	Calculations
	Ray Trace
	Fiber Coupling Efficiency
	YNI Contributions
	Sag Table
	Cardinal Points

	Glass and Gradient Index
	Dispersion Diagram
	Glass Map
	Internal Transmittance vs. Wavelength
	Grin Profile
	Gradium™ Profile

	Universal Plot
	New Universal Plot...

	Polarization
	Polarization Ray Trace
	Polarization Pupil Map
	Modeling interference between configurations

	Transmission
	Phase Aberration
	Transmission Fan

	Coatings
	Reflection vs. Angle
	Transmission vs. Angle
	Absorption vs. Angle
	Diattenuation vs. Angle
	Phase vs. Angle
	Retardance vs. Angle
	Reflection vs. Wavelength
	Transmission vs. Wavelength
	Absorption vs. Wavelength
	Diattenuation vs. Wavelength
	Phase vs. Wavelength
	Retardance vs. Wavelength

	Physical Optics
	Paraxial Gaussian Beam
	Limitations of the analysis
	Overview of Gaussian beams
	Default beam parameters
	Propagating the embedded beam
	The quality factor
	Interactive analysis

	Skew Gaussian Beam
	Physical Optics Propagation
	Comments about beam projection

	Beam File Viewer


	Chapter 8 TOOLS MENU
	Optimization
	Optimization
	Global Search
	Hammer Optimization
	Merit Function Listing
	Remove All Variables
	Glass Substitution Template

	Tolerancing
	Tolerancing
	Tolerance Listing
	Tolerance Summary

	Test Plates
	Test Plate Fitting
	Test Plate Lists

	Catalogs
	Glass Catalogs
	Glass Compare
	Lens Catalogs

	Coatings
	Edit Coating File
	Reload Coating File
	Add Coatings to All Surfaces
	Coating Listing

	Scattering
	ABg Scatter Data Catalogs
	Wavelength scaling of ABg data

	Scatter Function Viewer

	Apertures
	Convert Semi-Diameters to Circular Apertures
	Convert Semi-Diameters to Floating Apertures
	Remove All Apertures
	Replace Vignetting With Apertures

	Fold Mirrors
	Add Fold Mirror
	Limitations of reversing surfaces following the fold mirror

	Delete Fold Mirror

	Export Data
	Export IGES/SAT/STEP Solid
	Export IGES Line Work
	Export 2D DXF File
	Export 3D DXF File

	Miscellaneous
	Reverse Elements
	Tilt/Decenter Elements
	Scale Lens
	Make Focal
	Quick Focus
	Quick Adjust
	Convert to NSC Group
	Ghost Focus Generator
	Performance Test
	Lock/Unlock All Windows
	Slider


	Chapter 9 REPORTS MENU
	Introduction
	Surface Data
	System Data
	Prescription Data
	Comments on computing element volumes

	System Check
	Report Graphics 4/6

	Chapter 10 MACROS AND EXTENSIONS MENUS
	Edit/Run ZPL Macros
	Refresh Macro List
	Macro Names
	Extensions
	Refresh Extensions List
	Extension Names

	Chapter 11 SURFACE TYPES
	Introduction
	Parameter data
	Extra data
	Summary of surface types
	User defined surfaces
	Surface types

	ABCD
	Alternate Even
	Alternate Odd
	Atmospheric Refraction
	Biconic
	Biconic Zernike
	Binary Optic 1
	Binary optic coefficients sign conventions

	Binary Optic 2
	Binary optic coefficients sign conventions

	Binary Optic 3
	Binary optic coefficients sign conventions

	Birefringent In and Birefringent Out
	Defining the index
	Defining the crystal axis for homogeneous materials
	Defining the crystal axis for inhomogeneous materials
	Determining which ray is traced
	Accounting for phase rotation
	Transmission and other properties of birefringent surfaces
	Sample ZEMAX files

	Conjugate
	Coordinate Break
	Cubic Spline
	Comments about spline surfaces

	Cylinder Fresnel
	Diffraction Grating
	Elliptical Grating 1
	Elliptical Grating surface shape

	Elliptical Grating 2
	Even Asphere
	Extended Asphere
	Extended Cubic Spline
	Extended Fresnel
	Extended Odd Asphere
	Extended Polynomial
	Extended Toroidal Grating
	Filter
	Fresnel
	Generalized Fresnel
	Gradient 1
	Discussion on maximum step size for GRIN surfaces
	Restrictions on surfaces following GRIN surfaces

	Gradient 2
	Gradient 3
	Gradient 4
	Gradient 5
	Gradient 6
	Gradient 7
	GRADIUM™
	GRADIUM profile file format

	Gradient 9
	Gradient 10
	Grid Phase
	Using the shear distance
	Phase coefficients sign conventions

	Grid Sag
	Importing grid data
	Bicubic spline vs. linear interpolation
	Suggestions for using the Grid Sag surface

	Hologram 1
	Hologram 2
	Irregular
	Jones Matrix
	Lenslet Array
	Non-Sequential Components
	Odd Asphere
	Odd Cosine
	Optically Fabricated Hologram
	Defining the substrate shape
	Defining the construction optics
	Optimizing the construction and playback optics
	Selecting the hologram type

	Paraxial
	Setting the OPD Mode

	Paraxial XY
	Periodic
	Polynomial
	Radial Grating
	Radial NURBS
	Retro Reflect
	Standard
	Modeling an ellipse with the standard surface
	Modeling an axicon with the standard surface

	Superconic
	Tilted
	Toroidal
	Toroidal Grating
	Toroidal Hologram
	Toroidal NURBS
	User Defined
	The UDS DLL
	Refractive and reflective UDS DLLs
	Gradient index UDS DLLs
	Diffractive UDS DLLs
	Lenslet arrays using DLLs
	User defined surface apodization using DLLs
	Polarization and coating data using DLLs
	Error handling and UDS
	Sample DLLs

	Variable Line Space Grating
	Zernike Fringe Phase
	Zernike Fringe Phase coefficients sign conventions

	Zernike Fringe Sag
	Zernike Standard Phase
	Zernike Standard Phase coefficients sign conventions

	Zernike Standard Sag
	Zone Plate

	Chapter 12 NON-SEQUENTIAL COMPONENTS
	Introduction
	Paraxial data and ray tracing with NSC
	Optimization with NSC
	The two methods of using NSC ray tracing
	NSC with ports
	NSC without ports
	Combining NSC with and without ports

	Overview of NSC ray tracing with ports
	The entry port
	The exit port
	Getting rays in
	Tracing rays within the NSC
	Getting rays out

	Overview of NSC ray tracing without ports
	Getting rays in
	Tracing rays within the NSC
	Detecting rays
	Launching rays for analysis

	NSC Objects
	Annular Aspheric Lens
	Annular Volume
	Annulus
	Aspheric Surface
	Aspheric Surface 2
	Axicon Surface
	Biconic Lens
	Biconic Surface
	Making a hyperhemispheric surface

	Binary 1
	Binary 2
	Binary 2A
	Boolean
	Compound Parabolic Concentrator (CPC)
	CPC Rectangular
	Cone
	Cylinder Pipe
	Cylinder Volume
	Cylinder 2 Pipe
	Cylinder 2 Volume
	Diffraction Grating
	Ellipse
	Elliptical Volume
	Even Asphere Lens
	Extended Polynomial Lens
	Extended Polynomial Surface
	Extruded
	Fresnel 1
	Fresnel 2
	Grid Sag Surface
	Hexagonal Lenslet Array
	Hologram Lens
	Hologram Surface
	Imported
	Imported objects and ZOF files
	Comments about imported objects
	Ray tracing accuracy for imported objects
	Ray tracing speed for imported objects
	Limitations on imported objects

	Jones Matrix
	Lenslet Array 1
	Lenslet Array 2
	Micro Electro Mechanical System (MEMS)
	Null Object
	Odd Asphere Lens
	Polygon Object
	Rectangular Corner
	Rectangle
	Rectangular Pipe
	Rectangular Pipe Grating
	Rectangular Roof
	Rectangular Torus Surface
	Rectangular Torus Volume
	Rectangular Volume
	Rectangular Volume Grating
	Slide
	Sphere
	Standard Lens
	Standard Surface
	STL Object
	Tabulated Faceted Radial
	Tabulated Faceted Toroid
	Tabulated Fresnel Radial
	Toroidal Hologram
	Toroidal Lens
	Toroidal Surface
	Torus Surface
	Torus Volume
	Triangular Corner
	Triangle
	User Defined Object
	Sample Object DLLs

	Zernike Surface

	Detectors
	Detector Rectangle object
	Comments on coherent data computations

	Detector Surface object
	Comments about detector triangles

	Detector Volume object
	Objects as detectors

	Sources
	Placing sources inside objects
	Adding new source types
	Parameters common to all source objects
	Source Diode
	Source DLL
	Source DLL parameters
	Creating a new Source DLL
	Comments on Source DLL relative intensity
	Sample Source DLLs

	Source Ellipse
	Source Filament
	Source File
	ASCII vs. binary format files
	Memory requirements for source file objects
	Restrictions on the number of rays selected
	Binary Source File format
	ASCII Source File format
	Intensity normalization in source files

	Source Gaussian
	Source IES File
	Source Point
	Source Radial
	Source Ray
	Source Rectangle
	Source Tube
	Source Two Angle
	Source Volume Cylinder
	Source Volume Ellipse
	Source Volume Rectangle

	Object Placement
	The object coordinate system
	Reference objects
	Placing objects inside of, adjacent to, or overlapping other objects
	Glue distance
	Nesting object limits
	Nesting volumes
	Nesting surfaces

	Refraction and reflection from NSC objects
	Diffraction from NSC objects
	The object properties dialog box
	Type tab
	Coat/Scatter tab
	Face tab
	Bulk Scatter tab
	GRIN tab
	Diffraction tab
	Sources tab
	Random vs. Sobol sampling

	Draw tab
	Comments about drawing resolution and bounding regions


	Defining paths using the Consider Objects list
	Defining a Scatter Towards list
	User defined apertures
	Object faces
	Polarization and thin film coatings
	Coatings on surfaces in contact

	Scattering
	Fraction to scatter and number of scatter rays
	Scatter models
	No scattering
	Lambertian scattering
	Gaussian scattering
	ABg model scattering
	BSDF properties
	The ABg BSDF model
	Defining ABg data
	Scattering rays using the ABg model

	User defined scattering
	Defining an object to use DLL defined surface scattering
	DLL parameters
	Creating a new DLL
	Sample surface scattering: TwoGaussian.DLL


	Bulk scattering
	No Bulk Scattering
	Angle Scattering
	DLL Defined Scattering
	Defining an object to use DLL defined bulk scattering
	DLL parameters
	Creating a new DLL


	Coherence length modeling
	Defining GRIN media for non-sequential ray tracing
	Defining an object to be of gradient index material
	Discussion on maximum step size for GRIN objects
	GRIN DLL parameters
	Creating a new GRIN DLL
	Sample GRIN DLLs

	Defining DLLs for ray splitting at diffractive surfaces
	Defining an object to use the diffraction DLL
	Diffraction DLL parameters
	Creating a new Diffraction DLL

	Ray splitting
	Ray splitting and polarization

	Putting it all together
	Performing a Monte Carlo ray trace
	The Ray Trace/Detector Control
	Choosing the number of analysis rays
	Lost energy
	Ray database files

	Ray Database Viewer
	The Detector Viewer
	The filter string
	Filter string examples

	Defining Polygon Objects
	The comment symbol: !
	The face name symbol: C
	The invisible symbol: I
	The vertex symbol: V
	The triangle symbol: T
	The rectangle symbol: R
	Maximum triangles in the polygon object
	Example POB file

	Defining STL Objects
	Maximum triangles in STL objects
	Example STL files

	NSC Editor Tools
	Replicate Object Tool
	Create Polygon Object Tool
	Combine Objects Tool

	Special considerations for faceted objects
	Comments about DLLs

	Chapter 13 SOLVES
	Introduction
	Curvature: Marginal ray angle
	Curvature: Chief ray angle
	Curvature: Pickup
	Curvature: Marginal ray normal
	Curvature: Chief ray normal
	Curvature: Aplanatic
	Curvature: Element power
	Curvature: Concentric with surface
	Curvature: Concentric with radius
	Curvature: F number
	Curvature: ZPL Macro
	Thickness: Marginal ray height
	Thickness: Chief ray height
	Thickness: Edge thickness
	Thickness: Pickup
	Thickness: Optical path difference
	Thickness: Position
	Thickness: Compensator
	Thickness: Center of curvature
	Thickness: ZPL Macro
	Glass: Model
	Glass: Pickup
	Glass: Substitute
	Glass: Offset
	Semi-Diameter: Pickup
	Semi-Diameter: Maximum
	Semi-Diameter: ZPL Macro
	Conic: Pickup
	Conic: ZPL Macro
	Parameter: Pickup
	Parameter: Chief ray
	Parameter: ZPL Macro
	TCE: Pickup
	Extra Data Value: Pickup
	Extra Data Value: ZPL Macro
	Solve restrictions
	Using ZPL Macro solves
	Important considerations for ZPL Macro solves

	Suggestions for use

	Chapter 14 OPTIMIZATION
	Introduction
	Selecting variables
	Defining the default merit function
	Selecting the type of optimization
	Physically significant RMS merit functions

	Selecting the pupil integration method
	Rings
	Arms
	Grid
	Delete Vignetted
	Setting thickness boundary values
	Start At
	Assume Axial Symmetry
	Ignore Lateral Color
	Relative X Weight
	Overall Weight

	Pitfalls with the default merit function
	Optimization with apodized beams
	Modifying the merit function
	Int1 and Int2
	Hx, Hy, Px, Py
	Operand weights less than zero
	Operand weights equal to zero
	Operand weights greater than zero
	Merit function definition

	Optimization operands
	Understanding boundary operands
	Using MTF operands
	Performing an optimization
	Defining complex operands
	Optimizing glass selection
	Using model glasses
	Using glass substitution

	Optimizing zoom and multi-configuration lenses
	Optimizing extra data
	Optimizing tolerance sensitivity
	Optimizing objects in a non-sequential group with sequential rays
	Optimizing with sources and detectors in non-sequential mode
	Comments about random numbers and NSTR
	Pixel numbering for detectors

	Optimizing with the IMAE operand
	Using gradient index operands
	DLTN
	LPTD

	User defined operands
	Optimizing with ZPL macros
	Optimizing with externally compiled programs

	Suggestions for use
	The global optimum

	Chapter 15 GLOBAL OPTIMIZATION
	Introduction
	Capabilities of ZEMAX
	The Global Search algorithm
	The Hammer algorithm
	Optimizing glass selection
	Using glass substitution
	Restricting selected glasses

	Suggestions for use
	Summary

	Chapter 16 TOLERANCING
	Introduction
	The basic procedure
	Tolerance operands
	TRAD: Tolerance on radius
	TCUR: Tolerance on curvature
	TFRN: Tolerance on fringes
	TTHI: Tolerance on thickness
	TCON: Tolerance on conic
	TSDI: Tolerance on semi-diameter
	TSDX, TSDY: Tolerance on surface decenters
	TSTX, TSTY: Tolerance on surface tilts
	TIRX, TIRY: Tolerance on surface TIR
	TIRR: Tolerance on surface irregularity
	TEXI: Tolerance on surface irregularity using the Fringe Zernike model
	TEZI: Tolerance on surface irregularity using the Standard Zernike model
	TPAI: Tolerance on the inverse of parameter data
	TPAR: Tolerance on parameter data
	TEDV: Tolerance on extra data values
	TIND: Tolerance on index
	TABB: Tolerance on Abbe
	TCMU: Tolerance on coating multiplier
	TEDX, TEDY: Tolerance on element decenters
	TETX, TETY, TETZ: Tolerance on element tilts
	TOFF: Tolerance off (can be used for comments)
	TUDX, TUDY, TUTX, TUTY, TUTZ: Tolerance on user defined tilts and decenters
	TNPS, TNPA: Tolerances on non-sequential data
	TMCO: Tolerance on multi-configuration data

	Tolerancing with the Irregular surface type
	Tolerance control operands
	CEDV: Define extra data value compensator
	General comments about min and max values on compensators

	CMCO: Define multi-configuration operand compensator
	COMP: Define compensator
	CPAR: Define parameter compensator
	SAVE: Save sensitivity analysis lenses
	SEED: Seed the random number generator
	STAT: Define statistics
	TWAV: Test wavelength

	Defining default tolerances
	Surface tolerances
	Element tolerances

	Defining compensators
	Preparing the lens for tolerancing
	Performing the tolerance analysis
	How ZEMAX computes the tolerance analysis
	Evaluating compensators

	Sensitivity analysis
	Inverse sensitivity analysis
	Monte Carlo analysis
	Normal statistical distribution
	Uniform statistical distribution
	Parabolic statistical distribution
	User defined statistical distribution
	Discussion of Monte Carlo analysis method

	Nesting rules for Monte Carlo analysis
	Using Tolerance Scripts
	Tolerance Script overview
	The Tolerance Script commands
	!
	CEDV
	CLEARCOMP
	CLOSEFILE
	CMCO
	COMP
	CPAR
	FORMAT
	LOADMERIT
	NOMINAL
	OPENFILE
	OPTIMIZE
	PERTURB
	REPORT
	SAVE
	UPDATE

	Tolerance Script example

	Tolerancing multi-configuration (zoom) lenses
	Tolerancing with solves
	Trouble shooting the tolerance results
	Optimizing for tolerance sensitivity
	Pitfalls when tolerancing
	Summary

	Chapter 17 MULTI-CONFIGURATIONS
	Introduction
	The first step
	Summary of multi-configuration operands
	Defining the number of configurations
	Defining each configuration
	Adding and removing elements
	Changing configurations
	Optimization with multi-configurations
	Suggestions for organizing multiple-configuration merit functions

	Solves for multi-configuration data
	Fixed
	Variable (numerical value operands only)
	Substitute (glass operands only)
	Pickup
	Thermal pickup


	Chapter 18 USING GLASS CATALOGS
	Introduction
	Specifying which glass catalogs to use
	Editing and reviewing glass catalogs
	Description of catalog data
	Creating a new catalog
	Copying or moving glass catalog files
	The glass dispersion formulas
	The Schott formula
	The Sellmeier 1 formula
	The Sellmeier 2 formula
	The Sellmeier 3 formula
	The Sellmeier 4 formula
	The Sellmeier 5 formula
	The Herzberger formula
	The Conrady formula
	The Handbook of Optics 1 formula
	The Handbook of Optics 2 formula
	The Extended formula
	The Extended 2 formula
	General comments of using dispersion formulas

	Fitting index data
	Fitting melt data
	Discussion of melt fitting method:

	Defining Transmission Data
	Modeling gases and liquids
	Finding a glass quickly
	Glass catalog sources
	Obsolete catalog data
	Alternate methods of defining dispersion data
	Using MIL number glasses
	Using table glasses
	Using model glasses


	Chapter 19 THERMAL ANALYSIS
	Introduction
	Defining temperature and pressure
	Defining wavelengths
	Index of refraction computation
	Environmental effects on index for gradient index, MIL number, and model glasses

	Defining multiple temperature and pressure values
	Defining which parameters consider thermal effects
	Radius of curvature (CRVT) values
	Thickness (THIC) values
	Parameter values
	Extra data values
	All other values

	Defining multiple environments within a single configuration
	Automatic thermal setup
	Adding TCE data
	Modeling gases and liquids
	Adding thermal index variation data
	Optimizing athermal lenses
	Limitations of thermal analysis

	Chapter 20 POLARIZATION ANALYSIS
	Introduction
	Review of polarization concepts
	The electric field vector
	Field vs. ray phase conventions
	The polarization ellipse
	Definition of terms
	Intensity, I
	Phase, P
	Path length through medium,
	Internal absorption per lens unit,
	Internal Transmittance, IT
	Propagation Phase Factors, pc, ps
	Amplitude Reflectance,
	Amplitude Transmittance,
	Intensity Reflectance, Rs, Rp
	Intensity Transmittance, Ts, Tp
	Intensity Absorption, As, Ap
	Diattenuation, D
	Coating Phase, Ps, Pp
	Retardance, S
	Phase Difference Between X and Y, Pxy
	Major and Minor semi axis of the Polarization Ellipse, EM, Em
	Angle of XY Polarization Ellipse, Ap


	Properties of uncoated surfaces
	Defining coatings in ZEMAX
	Coating file data syntax
	The MATE data section
	The TAPR data section
	The COAT data section
	Defining replicated groups of coating layers
	Defining simple ideal coatings
	The IDEAL data section
	The IDEAL2 data section
	The TABLE data section
	Adding comments to the coating file
	Limits on the amount of coating data
	Editing the coating file


	Optimizing coatings with ZEMAX
	Default materials and coatings supplied with ZEMAX
	Specifying coatings on surfaces
	What ZEMAX does if no coating is specified
	Defining the initial polarization
	Defining polarizing components
	What ZEMAX can compute using polarization analysis
	Bulk absorption and transmission

	Modeling birefringent materials
	Modeling frustrated total internal reflection
	Limitations of polarization analysis

	Chapter 21 PHYSICAL OPTICS PROPAGATION
	Introduction
	Support for multiple processors
	Diffraction propagation
	Representation of the electric field
	The Fresnel number
	Near and far field

	Angular spectrum propagation
	Fresnel diffraction
	Selecting the correct propagator
	Fraunhofer diffraction

	The pilot beam
	Sign conventions for phase data
	Propagating in and out of the Rayleigh range
	Separation of X and Y propagation

	Comments about point spacing and sampling
	Propagation through arbitrary optical surfaces
	Propagating through non-sequential surfaces

	Accounting for polarization
	Memory requirements
	Defining the initial beam
	Gaussian Waist
	Gaussian Angle
	Gaussian Size+Angle
	Top Hat
	File
	ZEMAX Beam File (ZBF) binary format
	ZEMAX Beam File (ZBF) ASCII format

	DLL
	Beam DLL parameters
	Creating a new Beam DLL

	Multimode
	!, Comment
	COHERENT
	GW
	INCOHERENT
	PHASE
	TH
	Using random values
	Using the scale factor


	Surface specific settings
	Computing Fiber Coupling
	Where the integral is computed
	Defining the fiber mode
	Decenters and tilts
	Choosing the location for the receiving fiber

	Quantitative beam analysis
	Beam coordinates and pilot beam properties
	Peak Irradiance and total power
	Centroid locations
	Beam width and M-squared
	Wavefront error and RMS beam deviations
	Encircled energy

	Suggestions for use
	Algorithm assumptions
	Samples
	Free space propagation
	A pinhole aperture
	A lens array
	Talbot imaging
	Fresnel lens


	Chapter 22 ZEMAX PROGRAMMING LANGUAGE
	Introduction
	Creating ZPL macros
	Running ZPL macros
	Assigning ZPL macros to buttons

	An overview of ZPL
	Assignments
	Keywords
	Comments

	Numeric variables
	Numeric operations
	Numeric logical operators
	String variables
	String operations
	String logical operators
	Numeric functions
	Using the FICL() function

	String functions
	Keywords
	APMN, APMX, APTP, APXD, APYD
	ATYP, AVAL
	BEEP
	COAT
	CLOSE
	CLOSEWINDOW
	COLOR
	COMMENT
	CONI
	COPYFILE
	CURV
	DEFAULTMERIT
	DELETE
	DELETECONFIG
	DELETEFILE
	DELETEMCO
	DELETEMFO
	DELETEOBJECT
	EDVA
	END
	EXPORTBMP
	EXPORTCAD
	EXPORTJPG
	EXPORTWMF
	FINDFILE
	FLDX, FLDY, FWGT, FVDX, FVDY, FVCX, FVCY, FVAN
	FOR, NEXT
	FORMAT
	FTYP
	GCRS
	GDATE
	GETEXTRADATA
	GETGLASSDATA
	GETLSF
	GETMTF
	GETPSF
	GETSYSTEMDATA
	GETTEXTFILE
	GETVARDATA
	GETZERNIKE
	GLAS
	GLENSNAME
	GOSUB, SUB, RETURN, and END
	GOTO
	GRAPHICS
	GTEXT
	GTEXTCENT
	GTITLE
	HAMMER
	IF-THEN-ELSE-ENDIF
	IMA
	IMASHOW
	IMASUM
	IMPORTEXTRADATA
	INPUT
	INSERT
	INSERTCONFIG
	INSERTMCO
	INSERTMFO
	INSERTOBJECT
	LABEL
	LINE
	LOADCATALOG
	LOADLENS
	LOADMERIT
	LOCKWINDOW
	MODIFYSETTINGS
	NEXT
	NSTR
	NUMFIELD
	NUMWAVE
	OPEN
	OPTIMIZE
	OPTRETURN
	OUTPUT
	PARM
	PARAXIAL
	PAUSE
	PIXEL
	POLDEFINE
	POLTRACE
	POP
	PRINT
	PRINTFILE
	PRINTWINDOW
	PWAV
	QUICKFOCUS
	RADI
	RANDOMIZE
	RAYTRACE
	RAYTRACEX
	READ
	READNEXT
	READSTRING
	RELOADOBJECTS
	REM, !, #
	REMOVEVARIABLES
	RENAMEFILE
	RETURN
	REWIND
	SAVELENS
	SAVEMERIT
	SAVEWINDOW
	SCATTER
	SDIA
	SETAIM
	SETAIMDATA
	SETAPODIZATION
	SETCONFIG
	SETDETECTOR
	SETMCOPERAND
	SETNSCPARAMETER
	SETNSCPOSITION
	SETNSCPROPERTY
	SETOPERAND
	SETSTDD
	SETSURFACEPROPERTY, SURP
	SETSYSTEMPROPERTY, SYSP
	SETTEXTSIZE
	SETTITLE
	SETUNITS
	SETVAR
	SETVECSIZE
	SETVIG
	SHOWFILE
	SOLVERETURN
	SOLVETYPE
	STOPSURF
	SUB
	SURFTYPE
	TELECENTRIC
	TESTPLATEFIT
	THIC
	TIMER
	UNLOCKWINDOW
	UPDATE
	VEC1, VEC2, VEC3, VEC4
	WAVL, WWGT
	XDIFFIA
	ZBFCLR
	General comments about all ZBF related keywords

	ZBFMULT
	ZBFPROPERTIES
	ZBFRESAMPLE
	ZBFSHOW
	ZBFSUM
	ZBFTILT

	Example 1
	Example 2

	Chapter 23 ZEMAX EXTENSIONS
	Introduction
	Requirements for writing Extensions
	Establishing the link
	Terminating the link
	Extracting data from ZEMAX
	The data items
	CloseUDOData
	DeleteConfig
	DeleteObject
	DeleteSurface
	ExportCAD
	ExportCheck
	FindLabel
	GetAddress
	GetAperture
	GetApodization
	GetAspect
	GetBuffer
	GetComment
	GetConfig
	GetDate
	GetExtra
	GetField
	GetFile
	GetFirst
	GetGlass
	GetGlobalMatrix
	GetIndex
	GetLabel
	GetMetaFile
	GetMulticon
	GetName
	GetNSCData
	GetNSCMatrix
	GetNSCObjectData
	GetNSCObjectFaceData
	GetNSCParameter
	GetNSCPosition
	GetNSCSettings
	GetOperand
	GetPath
	GetPolState
	GetPolTrace
	GetPolTraceDirect
	GetPupil
	GetRefresh
	GetSag
	GetSequence
	GetSerial
	GetSettingsData
	GetSolve
	GetSurfaceData
	GetSurfaceDLL
	GetSurfaceParameter
	GetSystem
	GetSystemAper
	GetTextFile
	GetTol
	GetTrace
	GetTraceDirect
	GetUDOSystem
	GetUpdate
	GetVersion
	GetWave
	ImportExtraData
	InsertConfig
	InsertObject
	InsertSurface
	LoadFile
	LoadMerit
	MakeGraphicWindow
	MakeTextWindow
	ModifySettings
	NewLens
	NSCDetectorData
	NSCTrace
	OpenWindow
	Optimize
	PushLens
	PushLensPermission
	ReleaseWindow
	SaveFile
	SetAperture
	SetBuffer
	SetConfig
	SetExtra
	SetField
	SetFloat
	SetLabel
	SetMulticon
	SetNSCObjectData
	SetNSCObjectFaceData
	SetNSCPosition
	SetNSCParameter
	SetNSCSettings
	SetOperand
	SetPolState
	SetSettingsData
	SetSolve
	SetSurfaceData
	SetSurfaceParameter
	SetSystem
	SetSystemAper
	SetUDOData
	SetUDOItem
	SetVig
	SetWave
	WindowMaximize
	WindowMinimize
	WindowRestore

	Tracing large numbers of rays
	Step 1: Placing the ray data in the array
	Mode 0: Similar to GetTrace
	Mode 1: Similar to GetTraceDirect
	Mode 2: Similar to GetPolTrace
	Mode 3: Similar to GetPolTraceDirect
	Mode 5: For tracing non-sequential rays
	Step 2: Pass the array to ZEMAX

	How ZEMAX calls the client
	Generating a text window
	Generating a graphic window
	ADDRESS
	BOX
	DATA
	DATE
	FRAME
	LENSNAME
	LINE
	NOFRAME
	PENSTYLE
	TEXT
	TITLE

	A sample Extension program
	The DDE_DEMO code

	A simplified technique for implementing Extensions
	The ZCLIENT program
	A sample Extension program using ZCLIENT
	Writing Extensions from the PhasePlot template
	Getting analysis data using GetTextFile and GetMetaFile


	INDEX
	Symbols
	A
	B
	C
	D
	E
	F
	G
	H
	I
	J
	K
	L
	M
	N
	O
	P
	Q
	R
	S
	T
	U
	V
	W
	Y
	Z



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




