tc "LENS SECTION" \f A

xe "Setting up the Lens Database"
LENS-GENERAL INFORMATIONtc "LENS-GENERAL INFORMATION" \l 2 \f A- -The LENS section describes the establishment and manipulation of the lens database. Some of the commands described here are CMD level commands issued at the CMD level. These CMD level commands are described here instead of in the CMD section because they act to modify, or in other ways manipulate, the lens data base. The other commands described here are LENS level and UPDATE LENS level commands which can only be issued at one or both of these levels. Associated with the lens databasexe "lens database" are two additional optional databases which may be used with, and attached to, the lens database. These databases are the ALTERNATE-CONFIGURATION database and the SPECIAL SURFACE database. These optional databases are operated upon via the CONFIGS, UPDATE CONFIGS, SPSRF and UPDATE SPSRF program levels. Alternate lens configurations are described in the CONFIGS manual section. The special surface database is described in the SPECIAL SURFACES manual section. There can be a maximum of 500 surfaces per lens prescription.

THE LENS DATABASEtc "THE LENS DATABASE" \l 2 \f A - The lens database consists of an object surface, a sequence of transmitting, reflecting or diffraction gratting surfaces and an image surface. (Holographic Optical Surfaces and other more complex surface types are modeled using SPECIAL SURFACES definitions). Provision is made for the entry of a number of flat, spherical, conic, aspheric,  toroidal and anamorphic surface profiles. Glass catalogs with refractive index interpolation coefficients are provided for most optical materials. These catalog glasses can be called out by name or  glass number as appropriate. A right-handed rectangular coordinate systemxe "coordinate system" (Xxe "X", Yxe "Y", Zxe "Z") is used throughout the program. Lens surface data is represented in the local coordinate system of each surface. Surface profile equations are expressed in these local coordinate systems. The local coordinate system of a given lens surface becomes the reference coordinate system for the following surface. For systems with no tilts or decenters, the Z-axis is the system optical axis. The "right-handedness" of the coordinate system is strictly observed with respect to spatial coordinates X, Y and Z and associated direction cosines L, M and N. The arithmetic sign convention will be ALPHA and BETA positive "left-handed" and Gamma positive "right-handed". This angle sign convention is attached to a particular lens file and is not global to the program. The lens database is sequential, and surfaces are numbered in the order in which they are encountered by a ray traveling from the object to the image surface. The object surface is initially assumed to be number 0. The object, reference and image surface numbers may be temporarily reassigned during some ray tracing. A general surface number will be denoted by "i". Quantities relating to the space between surfaces "i" and "i+1" will be associated with surface number "i". There is always a "current lens", though the "current lens" might not have any surfaces. When the program ends execution, that "current lens" is automatically stored in the sub-directory \CURLENS in the file named "LENSTEXT.DAT". The next time the program is run, that lens is automatically read into the lens database and is immediately ready for analysis.  If tolerance or optimization definitions exist, they will be stored with the lens database whenever that lens database is written to disk. These definitions will then be automatically reloaded when the lens database is from disk.

THE LENS POINTERtc "THE LENS POINTER" \l 2 \f A - The secret to understanding the UPDATE LENS level is the concept of the update lens pointer. For surface dependent UPDATE LENS commands, a surface pointerxe "surface pointer" xe "lens pointer"is used to point to the "current surface". The "CHG" command is used to move this pointer from surface to surface. Surface dependent commands simply act upon this "current surface" rather than requiring the surface number as part of their input syntax. This pointer is quite analogous to the pointer used in the MACRO section for macro editing. Issuing the "?" command at any time in the UPDATE LENS level will display the surface number of the "current surface".

REFRACTIVE INDICEStc "REFRACTIVE INDICES" \l 3 \f A - Most refractive indices in this program are assumed to be measured with respect to the refractive index of air at 760 mm Hg and at 20 degrees Centigrade. Some special catalog materials comprise data measured at other temperatures. If a temperature of measurement is not mentioned in the "GLASSP" output for that particular material, then 760 mm Hg and 20 degrees Centigrade are assumed. When a vacuumxe "vacuum" must be simulated, use the material "VAC" in the "MATL" catalog. It is the only glass catalog material to have a refractive index less than 1.0 since its refractive index is also represented with respect to air. The user may use the "THERM" and "PRES" commands described later in this section to change refractive indices to correct for other temperatures and pressures.

ZERO OBJECT THICKNESStc "ZERO OBJECT THICKNESS" \l 3 \f A - The program depends upon a non-zero object surface thickness as part of the initial ray aiming. This in no way limits the systems which may be modeled. For systems in which the object distance is either zero or very small, use a dummy surface at surface 1. Assign a positive object surface thickness to surface 0 and an equal but opposite signed thickness to surface 1 The absolute magnitude of the thickness assigned to surface 0 should not be less than 0.1 lens units or problems may occur when computing OPD. If the object distance desired is, for example, 0.001 lens units, a thickness of 1.001 should be assigned to surface 0 and a thickness of -1.000 should be assigned to surface 1.

CREATING A NEW LENStc "CREATING A NEW LENS" \l 2 \f A
LENSxe "LENS (Command)[LENS]" - The "LENS" xe "Creating a new lens"command causes the program to leave the CMD level and enter the LENS input level. The lens database is wiped clean and is ready for lens input. Between "LENS" and "EOS", any LENS input level command may be entered. The "LENS" command also wipes clean any optimization and tolerance definitions which were in effect prior its issuance. If issued with an alphanumeric string, that string becomes the lens identifier.

EOS or ENDxe "EOS or END (Command)[LENS]" - The "EOS" or "END" command, issued from the LENS level, causes the program to return to the CMD level and terminates lens input. The "lens pointer" is left at the current surface, and this current surface automatically becomes the "LAST SURFACE" or image surface of the lens system. The lens database is left in memory and is ready for analysis. 

MODIFYING AN EXISTING CURRENT LENStc "MODIFYING AN EXISTING CURRENT LENS" \l 2 \f A
UPDATE LENS or U Lxe "UPDATE LENS or U L (Command)[LENS]" - The "UPDATE LENS" xe "Modifying an existing lens"command, or its abbreviated form "U L", causes the program to leave the CMD level and enter the UPDATE LENS level. The lens database is opened and is ready for lens modification. Between "UPDATE LENS" or "U L" and "EOS" or "END", any UPDATE LENS level command may be entered.

INS, i , nxe "INS (Command)[LENS]" - The "INS"xe "Inserting a surface" command, issued from the UPDATE LENS level, causes the insertion of a new surface. If "i" is explicitly entered, the new surface will become the new surface "i". The previous surface "i" will become the new surface "i+1", and all surfaces beyond the new inserted surface will have their surface numbers increased by "1". If "i" is not explicitly entered, "i" is assumed to be the current value of the update lens pointer. New surface insertion at surface 0 is not allowed. All PIKUPs, solves, alternate configuration parameters and special surface definition values will be properly adjusted. The optional second numeric entry "n" is a repetition indicator. Its default value is 1. The "INS" command will be repeated "n" times if "n" is entered explicitly and if it is greater than 1. The new inserted surface(s) will be initialized as a plano surface with zero thickness, a material type of "AIR" and refractive indices all equal to 1.0 or -1.0 depending upon the existing arrangement of reflecting surfaces in the lens. This command is only available at configuration #1 (the main configuration) of a multiple configuration lens.

DEL, i , jxe "DEL (Command)[LENS]"The "DEL" xe "Deleting a surface"command, issued from the UPDATE LENS level, causes the program to delete a surface. If "i" is explicitly entered, the "i"th surface will be deleted. The previous surface "i+1" will become the new surface "i", and all surfaces beyond the deleted surface will have their surface numbers decreased by "1". If "i" is not explicitly input, "i" is assumed to be the current value of the update lens pointer. Surface deletion at surface 0 and at the last or final surface is not allowed. All PIKUPs, solves, alternate configuration parameters and special surface definition values will be properly adjusted. The optional second numeric entry "j" is the last surface to delete in a range of surfaces "i" to "j".  Its default value is "i". If PIKUPs, solves, alternate configuration parameters or special surface definition values refer to the deleted surface, they will be deleted as well. This command is only available at configuration #1 (the main configuration) of a multiple configuration lens. Surface insertion and deletion are rather drastic operations upon a lens prescription and these operations can cause optimization operands, tolerance operands and focrit operands which are evaluated for specific surface numbers to take on unpredictable values. After surface insertion or deletion, values for all current operands should be checked before optimization or tolerancing resumes. Surface numbers for optimization and tolerance variables are automatically adjusted after surface insertion and deletion.

CHG, i xe "CHG (Command)[LENS]" - The "CHG" xe "Moving the surface pointer"

xe "Moving the lens pointer"command, issued from the UPDATE LENS level, causes the update lens pointer to be positioned at surface "i". Surface "i" is then the "current surface" with respect to all surface dependent UPDATE LENS commands.

EOS or ENDxe "EOS or END (Command)[LENS]" - The command "EOS" or "END", issued from the UPDATE LENS level, causes the program to return to the CMD level and terminates the lens update process. The lens database is left in memory and is ready for analysis. In addition to the closing of the lens database to input or modification, "EOS" or "END", issued at the LENS input and UPDATE LENS levels, causes all PIKUPS and SOLVES to be resolved and causes a new paraxial raytrace to be performed.

ZEROxe "ZERO (Command)[LENS]" - The command "ZERO", issued from the UPDATE LENS level, causes all of the surfaces in the lens database to be converted to plano surfaces with 0.0 thickness and material type AIR. All lens database items associated with all surfaces are returned to program defaults. This command is intended to be issued at the UPDATE LENS level from within the CONFIGS or UPDATE CONFIGS mode when it is desired to start adding alternate configuration data to a blank lens database as when designing using type 13 special surfaces. This is a very specialized command which should be used with extreme care. The command is only valid for alternate configurations. It has no effect upon the main configuration, configuration #1.

AUTOMATIC MACRO FUNCTION EXECUTIONtc "AUTOMATIC MACRO FUNCTION EXECUTION" \l 2 \f A
AUTOFUNC , nxe "AUTOFUNC (Command)[LENS]" - The "AUTOFUNC" xe "user-defined pickups"

xe "user-defined solves"command, issued from the LENS or UPDATE LENS program levels, allows the user to specify that during the execution of an "EOS" command from within the LENS and LENS UPDATE program levels, the macro function "n" will be automatically executed. "n" may be set to from 0 to 10. If "n" is set to zero, no macro function will be executed. "n" = 0 is the default. ANYTHING may be done in this macro function including manipulation of all lens database items. Provision has been made to avoid any "infinite looping". This seemingly simple command allows for the establishment of extremely complex and automatic manipulations of the lens database including complex user-defined pickups and solves. It can also be used to execute any other macro, if that macro is called for execution from within the macro function. If the "AUTOFUNC" command is issued followed only by a "?", the current AUTOFUNC setting will be displayed. Issued from the CMD level, the current AUTOFUNC setting is also displayed.

LENS INPUT AND UPDATE LENS LEVEL COMMANDStc "LENS INPUT AND UPDATE LENS LEVEL COMMANDS" \l 2 \f A - Most LENS input and UPDATE LENS level commands are the same. The difference in the operation between the UPDATE LENS level and the LENS input level is in the concept and operation of the update lens pointer system which has already been described. At the LENS input level, only sequential, surface-by-surface input is allowed and no moving pointer is provided. At the LENS input level, you are always at the current surface or "LAST SURFACE" of the lens system. The optical material name used at the final surface of all lens systems is always "LAST SURFACE". This "LAST SURFACE" optical material name is not entered by the user but is automatically supplied by the program.

NON-SURFACE DEPENDENT COMMANDStc "NON-SURFACE DEPENDENT COMMANDS" \l 3 \f A - The xe "Non-surface dependent lens commands"following program commands are non-surface dependent. They refer to the lens database as a whole:

LI (lens identifier - up to 79 characters in length) xe "LI (Command)[LENS]" - The "LI" commandxe "Naming the lens database" is used to name the current lens in the lens database. This is the first line of identification. It is the name used during lens library storage. If the "LI" command is issued followed only by a "?", the current lens identifier will be displayed. This command is valid at both the LENS input and the UPDATE LENS levels. The lens identifier in used to give lenses in the lens library their labels or names. It is important to assign lens identifiers to every lens which is to be placed in the lens library with the "LIB PUT" command. If this is not done, lenses will only be differentiated by time and date.  

The default lens identifier is always "NEW LENS". If the time and/or date stamping option has been turned on using the CMD level commands "STAMPT" and "STAMPD" described in the CMD section of this manual, then time and/or date notations will be appended to the beginning of the lens identifier whenever the lens identifier is displayed in a textual or graphical context.

LIC (lens identifier - up to 79 characters in length) xe "LIC (Command)[LENS]" - The "LIC" command continues the information input initiated by the "LI" command. Up to four "LIC" commands may be entered providing a maximum of five lines of lens identification. If more than four "LIC" commands are issued, the last line will be repeatedly overwritten. If the "LIC" command is issued followed only by a "?", the current value of the continued lens identifier will be displayed. This command is valid at both the LENS input and the UPDATE LENS levels.

INI (designer identifier - up to 70 characters) xe "INI (Command)[LENS]" - The "INI" command is used to store the designer identifier or name with the current lens. Up to 70 characters can be used. If the "INI" command is issued followed only by a "?", the current value of the designer identifier will be displayed. This command is valid at both the LENS input and the UPDATE LENS levels.

LTYPE (optical design type identifier - up to 5 characters) xe "INI (Command)[LENS]" - The "LTYPE" command is used to store the optical design type identifier with the current lens. Up to 5 characters can be used. If the "LTYPE" command is issued followed only by a "?", the current value of the optical design type identifier will be displayed. This command is valid at both the LENS input and the UPDATE LENS levels.

WV , (1 , (2 , (3 , (4 ,(5 xe "WV (Command)[LENS]" - The "WV" xe "Setting the lens database wavelengths"command is the command used to change the first five default wavelengths of the program to user-selected values. "(1", "(2", "(3", "(4" and "(5" represent numeric values for the first five wavelengths at which rays may be traced. They must be expressed in micron units (1.0 micron = 1.0X10-6 meters). These wavelengths are used for diffraction calculations at gratings, polychromatic OTF calculations and refractive index calculations for catalog glasses. If the "WV" command is issued followed only by a "?", the current value of the five wavelengths will be displayed. "(1" through "(5" will always be referred to as wavelength numbers 1 through 5. This command is valid at both the LENS input and the UPDATE LENS levels. In the absence of a "WV" command, the following values are assumed for "(1" through "(5"

	(1
	(2
	(3
	(4
	(5

	0.58756 (
	0.48613 (
	0.65627 (
	0.43584 (
	0.70652 (


WV2 , (6 , (7 , (8 , (9 , (10 xe "WV (Command)[LENS]" - The "WV2" command is the command used to change the second five default wavelengths of the program to user-selected values. (6, (7, (8, (9 and (10 represent numeric values for the second five wavelengths at which rays may be traced. They must be expressed in micron units (1.0 micron = 1.0X10-6 meters). These wavelengths are used for diffraction calculations at gratings, polychromatic OTF calculations and refractive index calculations for catalog glasses. If the "WV2" command is issued followed only by a "?", the current value of the five wavelengths will be displayed. "(6" through "(10" will always be referred to as wavelength numbers 6 through 10. This command is valid at both the LENS input and the UPDATE LENS levels. In the absence of a "WV2" command, the following values are assumed for "(6" through "(10".

	(6
	(7
	(8
	(9
	(10

	0.0 (
	0.0 (
	0.0 (
	0.0 (
	0.0 (


If default entries are made in the "WV" and "WV2" commands, then the wavelengths refered to by these default entries are left unchanged. "WV .25,,.45" causes wavelengths 1 and 3 to be changed while leaving wavelengths 2, 4 and 5 unchanged. Spectral weighting factors for each wavelength are, by default, set to either 1.0 or 0.0 depending upon whether or not the associated wavelength is non-zero or zero. Use the "SPTWT" and "SPTWT2" commands, described later in this section, to modify these spectral weighting factors.

UNITS (qualifier word) xe "UNITS (Command)[LENS]" - The "UNITS" xe "Units of the lens database"command sets the linear units to be used for the current lens in the lens database according to the table below:

	"qualifier word"
	UNITS

	IN or INCH or INCHES
	Inches

	MM
	Millimeters

	CM
	Centimeters

	M
	Meters


If no "UNITS" command is issued, the default units are INCHES. If the "UNITS" command is issued followed only by a "?", the name of the current system units will be displayed. This command is valid at both the LENS input and the UPDATE LENS levels.

PCW , i , jxe "PCW (Command)[LENS]" - The "PCW" xe "Primary wavelength pair"command defines the primary wavelength pair to be used for all "primary chromatic aberrations", whether they be paraxial or real ray based. Primary chromatic aberrations are always values at wavelength number "i" minus values at wavelength number "j". If the "PCW" command is issued followed only by a "?", the current wavelength numbers of the primary wavelength pair will be displayed. This command is valid at both the LENS input and the UPDATE LENS levels. If no "PCW" command is issued, the default for "i"=2 and "j"=3.

SCW , i , jxe "SCW (Command)[LENS]" - The "SCW"xe "Secondary wavelength pair" command defines the secondary wavelength pair to be used for all "secondary chromatic aberrations", whether they be paraxial or real ray based. Secondary chromatic aberrations are always values at wavelength number "i" minus values at wavelength number "j". If the "SCW" command is issued followed only by a "?", the current wavelength numbers of the secondary wavelength pair will be displayed. This command is valid at both the LENS input and the UPDATE LENS levels. If no "SCW" command is issued, the default for "i"=2 and "j"=1.

CW , ixe "CW (Command)[LENS]" - The "CW" xe "The control  or reference wavelenth"command defines the control or reference wavelength number to be "i". This is the number of the wavelength number used in the paraxial raytrace and is the default wavelength number used in CMD level commands when the wavelength number input in those commands is left as the default value. If this command is issued followed only by a "?", the wavelength number of the current control wavelength will be displayed. This command is valid at both the LENS input and the UPDATE LENS levels. If no "CW" command is issued, the default for "i"=1.

OBJECT HEIGHT COMMANDStc "OBJECT HEIGHT COMMANDS" \l 4 \f A - For xe "Specifying the reference object height"use by the paraxial solve options, the paraxial ray trace, the calculation of 3rd, 5th and 7th order aberrations of the lens system and the establishment of initial reference heights for trigonometric ray tracing, the program requires that an object height at the object surface be entered. This height may be entered either as a linear measure at the object surface in lens units or as an object space angle in degrees. If used, the object space angle is the angle subtended by the object at surface 0 as seen from surface 1.

SCY , Yo , Y1xe "SCY (Command)[LENS]" - The "SCY" command is used to define the reference object height at the object surface. This reference height of the object will be Yo lens units. This input value assumes a flat object surface.  Object coordinates for ray tracing, using the CMD level command "FOB", are expressed as fractions of Yo. Y1 is an optional input value. Y1 will be the height at surface 1 of the paraxial chief ray in the YZ-plane. Y1 implicitly defines a paraxial entrance pupil which would be located at the point where the line joining Yo and Y1 intersects the Z-axis. (This would be at infinity if the system was telecentric in the object space i.e., Y1=Yo). If the object distance is altered at any time, the value of Y1 is adjusted to preserve the location of this implicit entrance pupil. If an aperture stop is explicitly defined within the system by use of an "ASTOP" command, the entry for Y1 is ignored since the program automatically positions the paraxial chief ray so that it passes through the center of the aperture stop. This command is valid at both the LENS input and the UPDATE LENS levels.

SCY FANG , Uo , Y1xe "SCY FANG (Command)[LENS]" - The "SCY FANG" command is used as an alternative definition of object height when it is desired to express the object by the angle which it subtends as seen from surface 1. This object angle will be Uo degrees. Internally, the program calculates Yo from Uo. This input value assumes a flat object surface. Object coordinates for ray tracing, using the CMD level command "FOB", are derived from Uo  and expressed as fractions of Uo. Y1 is an optional input value. Y1 will be the height at surface 1 of the paraxial chief ray in the YZ-plane. Y1 implicitly defines a paraxial entrance pupil which would be located at the point where the line joining Yo (derived from Uo) and Y1 intersects the Z-axis. (This would be at infinity if the system is telecentric in the object space i.e., Uo = 0.0). If the object distance is altered at any time, the value of Y1 is adjusted to preserve the location of this implicit entrance pupil. If an aperture stop is explicitly defined within the system by use of an "ASTOP" command, the entry for Y1 is ignored since the program automatically positions the paraxial chief ray so that it passes through the center of the aperture stop. This command is valid at both the LENS input and the UPDATE LENS levels. The use of Uo rather than Yo is usually appropriate for "infinite" object distance cases where the angle of entry to the system is invariant with respect to the ray intersection point on surface 1. Yo, Y1 and Uo are related by the following relation:
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THo is the distance from the object surface to surface 1. The above relation implicitly defines the sign convention for Uo. Uo will be negative if TH0 is positive, Y1 is zero and Yo is positive. During ray tracing, the "FOB" command uses either the Yo or Uo value to determine the object coordinate from which a ray is to be traced depending upon whether "SCY" or "SCY FANG" was used to define the reference object height. 

SCX , Xo , X1xe "SCX (Command)[LENS]" and SCX FANG , Uo , X1xe "SCX FANG (Command)[LENS]" - The "SCX" and "SCX FANG" commands are identical to the "SCY" and "SCY FANG" commands except that they act in the XZ-plane. If no "SCX/SCX FANG" command is explicitly issued, the XZ-plane object height/field angle value takes on the value set by the "SCY/SCY FANG" command. If no "SCY"/"SCY FANG" or "SCX"/"SCX FANG" commands are issued, the default values set by the program are:

	SCY
	1.0 (LENS UNITS)

	SCX
	1.0 (LENS UNITS)

	SCY FANG
	Calculated from SCY

	SCX FANG
	Calculated from SCX


The "SCY"/"SCY FANG" and "SCX"/"SCX FANG" commands are valid at both the LENS input and the UPDATE LENS levels. If the "SCY", "SCY FANG", "SCX" or "SCX FANG" commands are issued followed only by a "?", the current (Y0,Y1), (U0,Y1), (X0,X1) or (U0,X1) values will be displayed. If either "SCY" or "SCX" is set to 0.0, the paraxial raytrace assumes that it is equal to 1.0 so that first order quantities such as EFL, BFL and FFL can be computed correctly. "SCY FANG" and "SCX FANG" U0 values may be assigned any angular values less than +/- 180 degrees. Additional information regarding the tracing rays from half-angles greater than or equal to 90 degrees are to be found in the CMD section of this manual under the discussion of the "FOB" command. 

OBJECT HEIGHT AND ANGLEtc "OBJECT HEIGHT AND ANGLE" \l 4 \f A
The object height is always represented in lens units at the object surface. The corresponding object slope angle is measured counter-clockwise from the current local z-axis to the ray. This means that positive object heights always correspond to negative object angles and vice versa. This should always be kept in mind when tracing chief rays when interpreting ray trace results.
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 Relationship between object height and object angle 

tc "Relationship between object height and angle" \f G
IMAGE HEIGHT COMMANDStc "IMAGE HEIGHT COMMANDS" \l 4 \f A - xe "paraxial reference image height" The reference object heights in both the XZ and YZ-planes can, alternately, be specified using either paraxial or real image surface heights or angles (specified in degrees). If real image heights or angles are specified, the object surface starting position of every chief ray traced is iterated until the chief ray strikes the final image surface at a position or angle specified by the last "FOB" command.

PARAXIAL SPECIFICATION tc "PARAXIAL SPECIFICATION" \l 4 \f A
PYIM , Yxe "PYIM (Command)[LENS]" and PYIM FANG , U xe "PYIM FANG (Command)[LENS]" - The "PYIM" and "PYIM FANG" commands are used to specify that the SCY value should be automatically adjusted so that the image  surface Y-paraxial chief ray height will be equal to "Y" or that the image surface Y-paraxial chief ray slope angle will be equal to "U". All real rays use this new adjusted SCY value for their starting point on the object surface.

PYIM , Xxe "PXIM (Command)[LENS]" and PXIM FANG , U xe "PXIM FANG (Command)[LENS]" - The "PXIM" and "PXIM FANG" commands identical to the "PYIM" and "PYIM FANG" commands except that they act in the XZ rather than the YX-plane. These four commands ignore all tilts and decentrations in the lens database.

REAL RAY SPECIFICATION tc "REAL RAY SPECIFICATION" \l 4 \f A
RYIM , Yxe "RYIM (Command)[LENS]" and RYIM FANG , U xe "RYIM FANG (Command)[LENS]" - The "RYIM" and "RYIM FANG" commands are used to specify that the all chief rays will have their image surface heights or slope angles specified by "Y" or "U" and by the current fractional values of the current "FOB" command. This is achieved by an iterative ray aiming scheme which automatically adjusts the X and Y-chief rays heights on the object surface.

RXIM , Xxe "RYIM (Command)[LENS]" and RXIM FANG , U xe "RXIM FANG (Command)[LENS]" - The "RXIM" and "RXIM FANG" commands identical to the "RYIM" and "RYIM FANG" commands except that they act in the XZ rather than the YX plane of the image surface.

When "RXIM" and RYIM" are active, a double iterative aiming loop is used to aim the chief rays to the appropriate targets in the reference surface while aiming the chief rays to the appropriate targets in the image plane. The accuracy of image surface ray aiming is set using "CAIMTOL". The default value is 0.001 lens unit. Make CAIMTOL as small as possible before ray aiming failures occur.

REFERENCE APERTURE HEIGHT COMMANDStc "REFERENCE APERTURE HEIGHT COMMANDS" \l 4 \f A
SAY (FLOAT or NOFLOAT) , sayxe "SAY (Command)[LENS]" - The commandxe "Specifying the reference aperture height" "SAY", either with no qualifier word or with the qualifier word "NOFLOAT", sets the starting marginal reference ray height at surface 1 for the paraxial axial ray in the YZ-plane. This is equivalent to specifying the semi-diameter of the system entrance pupilxe "Setting Entrance Pupil Size". If the position of surface 1 is shifted by the program as a result of an entrance pupil adjustment via the "ASTOP" command, the value of "SAY" will be altered so that the object space slope angle of the marginal ray is maintained at its original value. If the qualifier word "FLOAT" is used and if there is a clear aperture assigned to the aperture stop surface, then the "SAY" value will be continually adjusted so that the YZ-plane marginal paraxial ray height at the aperture stop surface will be kept equal to the YZ-plane dimension of the clear aperture at the aperture stop surface. All clear aperture decentrations and tilts will be ignored. "FLOAT" may not be used if an f-number or exit pupil hold is in effect. If surface #1 is at infinity, the accuracy of the "FLOAT" option may suffer. In cases such as these, use the telecentric stop position option instead of "floating" the "SAY" and "SAX" values. If "FLOAT" is in effect and an "SAY" or "SAX" command is entered with a numeric value, the "FLOAT" condition will be automatically reset to "NOFLOAT"

SAX (FLOAT or NOFLOAT) , saxxe "SAX (Command)[LENS]" - The "SAX" command is identical to the "SAY" command but acts in the XZ-plane. If no "SAX" command is explicitly issued, the XZ-plane reference aperture height takes on the value set by the "SAY" command. If no "SAY" or "SAX" commands are issued, the default values set by the program are:

	SAY NOFLOAT
	1.0 (LENS UNITS)

	SAX NOFLOAT
	1.0 (LENS UNITS)


If the "SAY" or "SAX" commands are issued followed only by a "?", the current "SAY" or "SAX" values will be displayed. The "SAY" and "SAX" commands are valid at both the LENS input and the UPDATE LENS levels. "FLOAT" is the default qualifier for "SAY" and "SAX".

EPD (FLOAT or NOFLOAT) , epdxe "EPD (Command)[LENS]" - The "EPD" command (entrance pupil diameter) is identical to the "SAY" command except that the "EPD" command takes as its numeric input a value twice the magnitude of an "SAY" command input value. The numeric value input with an "EPD" command is divided by 2.0 and then that value is included as input to an automatically generated "SAY" command

NAOY , naoy - xe "NAOY (Command)[LENS]" - The command xe "Object space numerical aperture"

xe "Object space N.A.""NAOY" sets the starting height at surface 1 for the paraxial axial ray in the XY and YZ-plane in terms of an "object space numerical aperture". This object space numerical aperture is maintained through adjustments to the internal "SAY" value.

NAOX , naox - xe "NAOY (Command)[LENS]" - The command "NAOX" sets the starting height at surface 1 for the paraxial axial ray in the XZ-plane in terms of an "object space numerical aperture". This object space numerical aperture is maintained through adjustments to the internal "SAX" value. The "NAOY" and "NAOX" commands are valid at both the LENS input and the UPDATE LENS levels. "NAOY" and "NAOX" are not allowed for systems with object distances whose magnitude exceeds 1.0X1010 lens units. Systems such as these are considered to have infinite object distances for which no object space numerical aperture can be defined.

FNOY , fnoyxe "FNOY (Command)[LENS]" - The commandxe "Object space F-number" "FNOY" sets the starting height at surface 1 for the paraxial axial ray in the XZ and YZ-plane in terms of an "object space f-number". This object space f-number is maintained through adjustments to the internal "SAY" value.

FNOX , fnoxxe "FNOX (Command)[LENS]" - The command "FNOX" sets the starting height at surface 1 for the paraxial axial ray in the XZ-plane in terms of an "object space f-number". This object space f-number is maintained through adjustments to the internal "SAX" value. The "FNOY" and "FNOX" commands are valid at both the LENS input and the UPDATE LENS levels. "FNOY" and "FNOX" are not allowed for systems with object distances whose magnitude exceeds 1.0X1010 lens units. Systems such as these are considered to have infinite object distances for which no object space f-number can be defined. "FNOY", "FNOX", "NAOY" and "NAOX" are not compatible with a "FLOAT" of the "SAY" or "SAX" values.

GAUSSIAN BEAM SPECIFICATION COMMANDStc "GAUSSIAN BEAM SPECIFICATION COMMANDS" \l 4 \f A - xe "Specifying gaussian beams"The next four commands are used to establish the starting values of the YZ and XZ-plane gaussian beam plane 1/e2 semi-diameters and gaussian beam divergence half-angles. These values are only used during gaussian beam propagation calculations. By default, the 1/e2 semi-diameters are set at 1.0 lens unit and the beam divergence half-angles are set to 0.001 radians when a new lens database is created with the "LENS" command. It is the responsibility of the designer to set these values to realistic values prior to any analysis.

WRY, wryxe "WRY(Command)[LENS]" - The command "WRY" sets the YZ-plane gaussian beam 1/e2 semi-diameter at surface 1 to the value "wry". (Units are "lens units")

WRX, wrxxe "WRX(Command)[LENS]" - The command "WRX" sets the XZ-plane gaussian beam 1/e2 semi-diameter at surface 1 to the value "wrx". (Units are "lens units")

BDY , bdyxe "BDY(Command)[LENS]" - The command "BDY" sets YZ-plane beam divergence half-angle of the gaussian beam at surface 1 to the value "bdy". (Units are "milliradians")

BDX , bdxxe "BDX(Command)[LENS]" - The command "BDX" sets XZ-plane beam divergence half-angle of the gaussian beam at surface 1 to the value "bdx". (Units are "milliradians")

BDY TEM00 xe "BDY TEM00(Command)[LENS]" - The command "BDY TEM00" sets YZ-plane beam divergence half-angle of the gaussian beam at surface 1 to the value which corresponds to a TEM00 mode laser beam. The divergence is computed at the control wavelength.

BDX TEM00 xe "BDX TEM00(Command)[LENS]" - The command "BDX TEM00" sets XZ-plane beam divergence half-angle of the gaussian beam at surface 1 to the value which corresponds to a TEM00 mode laser beam. The divergence is computed at the control wavelength.If "WRX", "WRY", "BDX" or "BDY" are issued followed by the interrogator "?", their current values will be displayed. These six commands are valid at both the LENS input and the UPDATE LENS levels. The half-angle beam divergence in radians is given by the following equation. R0 is the 1/e2 semi-diameter of the beam at surface 1 and assumes that a true beam waist exists at that surface.
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SURFACE DEPENDENT COMMANDStc "SURFACE DEPENDENT COMMANDS" \l 4 \f A - Surface dependent xe "Surface dependent lens commands"LENS input and UPDATE LENS commands act on a specific surface of the lens database. Each omitted command results in specific default input for the specified database item. If no surface shape commands are entered, the surface will be defined as plano (flat). If no tilt or decentration commands are issued, the surface will not be tilted or decentered. Only enough commands to define a surface shape, location and special characteristics need be entered. In the UPDATE LENS level, the order in which commands are issued for a given surface is arbitrary. When in the LENS input level, the program expects the last command for a particular surface to be a command specifying the surface's optical material. The program increments the surface counter automatically when this command is issued. Commands such as "MYGLASS", "MODEL", "AIR", "REFL", "REFLTIRO" or [a reference to a glass catalog glass] are optical material commands. The image surface optical material is always automatically renamed "LAST SURFACE". Dummy surfaces may be used at any location in a lens database. Dummy surfaces are surfaces with identical refractive indices on each side. For the surface shape commands which follow, except where otherwise noted, a default numeric entry will be interpreted as an input of 0.0. Lens surfaces may be REAL or PARAXIAL and lenses may be "thick" or "thin"

MODULAR LENS ELEMENTStc "MODULAR LENS ELEMENTS" \l 4 \f A - xe "lens modules"Several other programs provide the user with a way of placing "lens modules" into an optical system. The primary draw back of these implementations is that there is no clear way to relate these "module" lenses to real optical elements. In this program, lens modules are implemented via an extension to the standard optical surface definitions normally found in any optical design program. Through the use of the following two commands "REAL" and "PARAX", any and all optical surfaces can take on a paraxial "flat" profile while still retaining their ability to bend real and paraxial rays by nature of their curvature, conic constant and other surface shape definitions. Thin paraxial lenses may be modeled by setting the material thickness between paraxial surfaces to zero. All surface solves and pikups remain in effect with these paraxial or modular surfaces. When it is desired to convert these surfaces to "thick" and "non-paraxial" surfaces, the element thicknesses are reset to realistic values and the "REAL" command is issued to change the surface type to a "real".

REAL SURFACEStc "REAL SURFACES" \l 4 \f A - By default, all lens database surfaces in this program are considered to be real surfaces. Real surfaces have as their primary property some dependent longitudinal depth of curvature (surface sag) which can vary with respect to some independent lateral coordinate. This includes real plano-surfaces which have 0.0 surface sag for all lateral coordinate positions. By default all surfaces are real surfaces. 

REALxe "REAL (Command)[LENS]" - The "REAL" command is used to re-define a "paraxial" surface as a "real" surface.

PARAXIAL SURFACEStc "PARAXIAL SURFACES" \l 4 \f A - Paraxial surfaces are lens database surfaces which have no surface sag associated with them even though they may have surface curvature or other surface shape properties such as asphericity. A paraxial surface is designated as such with the command "PARAX". Paraxial surfaces are of primary interest during the initial layout of an optical system when that layout process has progressed beyond the paraxial raytrace phase but may not be ready for the "real" surface phase. When real trigonometric rays are traced through paraxial surfaces, optical path differences should be viewed with extreme caution.

PARAXxe "PARAX (Command)[LENS]" - The "PARAX" command is used to re-define a "real" surface as a "paraxial" surface.

THICK AND THIN LENSEStc "THICK AND THIN LENSES" \l 3 \f A - Thin lenses are simply lenses for which there is zero axial distance between the two surfaces which bound the lens.

SURFACE SHAPE COMMANDStc "SURFACE SHAPE COMMANDS" \l 4 \f A
SPHERICAL, CONIC, ASPHERIC AND PLANO SURFACES - The xe "Spheres, conics and aspherics"non-plano (non-flat) axially symmetric optical surface is characterized by the equation:
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c is the vertex curvature, ( is a radial measure from the Z-axis, ( is the conic constant and D, E, F, G, H, I, J, K and L are the 4th, 6th, 8th, 10th, 12th, 14th, 16th, 18th and 20th order aspheric deformation coefficients. 
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Axially Symmetric Surface Profiletc "Axially Symmetric Surface Profile" \f G
The specific ranges in the value of the conic constant representing specific types of conic surfaces are given in the following table:

	CONIC CONSTANT VALUE (()
	CONIC SURFACE TYPE

	
	

	( < -1.0
	HYPERBOLOID

	(  = -1.0
	PARABOLOID

	-1.0 < ( < 0.0
	PROLATE SPHEROID (ellipsoid of revolution about the major axis)

	(  > 0.0
	OBLATE SPHEROID (ellipsoid of revolution about the minor axis)

	( = 0.0
	SPHERE


The plano (flat) axially symmetric optical surface is characterized by the equation:
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where ( is a radial measure from the Z-axis. C, D, E, F, G, H, I, J, K, and L are the 2nd, 4th, 6th, 8th, 10th, 12th, 14th, 16th, 18th and 20th order aspheric deformation coefficients. The 2nd order term plays the role of the conic constant for plano surfaces and provides the correct means to model the classical Schmidt corrector plate surface profile. The following commands define the shape of a lens surface in the lens database:

CV , c , ( xe "CV (Command)[LENS]" - The "CV" command is used to enter the vertex curvature of a lens surface "c". A plano surface (flat) is selected by entering 0.0 for "c" or by skipping the "CV" command altogether. Surfaces, by default, are always plano. Remember, "c", the curvature, is just the reciprocal of the radius of curvature "r". "c"=1/"r". If the "CV" command is issued followed only by a "?", the current "c" will be displayed. This command is valid at both the LENS input and the UPDATE LENS levels. The object surface, surface 0, is always assumed to be a plano surface. If issued with an explicit numeric word #2, that value becomes the conic constant if no qualifier word is present.
CC , ( xe "CC (Command)[LENS]" - The "CC" command is used to enter the conic constant "(" for a surface whose curvature "c" has already been entered. If the "CC" command is issued followed only by a "?", the current "(" value will be displayed. This command is valid at both the LENS input and the UPDATE LENS levels.

RD , r , ( xe "RD (Command)[LENS]" - The "RD" command is used to enter the vertex radius of curvature of a lens surface "r". A plano surface is selected by entering 0.0 for "r" or by skipping the "RD" command altogether. Surfaces, by default, are always plano. Remember, "r", the radius of curvature, is just the reciprocal of the curvature "c". "r"=1/"c". If the "RD" command is issued followed only by a "?", the current surface "r" value will be displayed. This command is valid at both the LENS input and the UPDATE LENS levels. The program convention is that "r" = 0.0 is equivalent to "c" = 0.0. Plano surfaces ("c"=0.0) may not be defined as conics since that definition has no meaning mathematically. The conic constant of a plano surface is always equal to 0.0. For low order aspheric deformations of plano surfaces, use the "ASPH" command. If issued with an explicit numeric word #2, that value becomes the conic constant if no qualifier word is present.
ASPH , ad , ae , af , ag , acxe "ASPH (Command)[LENS]"The "ASPH" command defines the surface to be aspheric and is used to enter the values of the 4th, 6th, 8th, 10th and 2nd order aspheric deformation coefficients "ad", "ae", "af", "ag" and "ac". The 2nd order aspheric deformation term is only valid for plano surfaces and will be ignored for non-plano surfaces. Default entries leave previously defined values of that value unchanged. If the "ASPH" command is issued followed only by a "?", the current "ad", "ae", "af", "ag" and "ac" values will be displayed. This command is valid at both the LENS input and the UPDATE LENS levels.

ASPH2 , ah , ai , aj , ak , alxe "ASPH2 (Command)[LENS]" - The "ASPH2" command defines the surface to be aspheric and is used to enter the values of the 12th, 14th, 16th, 18h and 20th order aspheric deformation coefficients "ah", "ai", "aj", "ak" and "al". Default entries leave previously defined values of that value unchanged. If the "ASPH2" command is issued followed only by a "?", the current "ah", "ai", "aj", "ak" and "al" values will be displayed. This command is valid at both the LENS input and the UPDATE LENS levels.

ASPHD , i , jxe "ASPHD (Command)[LENS]" - The "ASPHD" command xe "Deleting aspherics"deletes any existing aspheric definitions from the current surface. If "i" and "j" are both explicitly entered, then the command acts on surfaces "i" through "j", inclusively. The "lens pointer" is not modified by this command. Any PIKUPs referring to these deleted definitions will also be deleted. This command is valid at the UPDATE LENS level.

AC through AL , value xe "AC through AL (Command)[LENS]" - The "AC", "AD", "AE", "AF", "AG", "AH", "AI", "AJ", "AK" and "AL"  xe "Second-order surfaces"commands are used to enter the values of the 2nd through 20th  order aspheric deformation coefficients. "AC" is valid for plano surfaces only. If the surface is not already defined as an aspheric, the these commands will define it as such. If the these commands are issued followed only by a "?", the current value will be displayed. These commands are valid at both the LENS input and the UPDATE LENS levels.

TOROIDAL SURFACES - The next equation xe "Toroidal surface profiles"characterizes the XZ-plane profile of an X-TORIC surface. An X-TORIC surface is generated by this XZ-plane profile as it is revolved about an axis which is parallel to the X-axis. This axis of revolution lies in the XZ-plane. The surface circular profile is swept out in the YZ-plane with a toric curvature c' = 1/ r'. r' is the toric radius of curvature. The surface is only valid for |Z| < |r'|. If c', D, E, F, G and ( are all equal to 0.0, the surface becomes a cylinder with its axis parallel to the Y-axis. The conic and aspheric deformation terms for the profile of a toric surface are set using previously defined aspheric profile definition commands.
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X-Toric Surface Profiletc "X-Toric Surface Profile" \f G
The next equation characterizes the YZ-plane profile of a Y-TORIC surface. A Y-TORIC surface is generated by this YZ-plane profile as it is revolved about an axis which is parallel to the Y-axis. This axis of revolution lies in the YZ-plane. The surface circular profile is swept out in the XZ-plane with a toric curvature c' = 1/ r'. r' is the toric radius of curvature. The surface is only valid for |Z| < |r'|. If c', D, E, F, G and ( are all equal to 0.0, the surface becomes a cylinder with its axis parallel to the X-axis. The conic and aspheric deformation terms for the profile of a toric surface are set using previously defined aspheric profile definition commands.
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Y-Toric Surface Profiletc "Y-Toric Surface Profile" \f G
XTORIC xe "XTORIC (Command)[LENS]" or YTORIC xe "YTORIC (Command)[LENS]" - The "XTORIC" and "YTORIC" commands act to define a surface as an X or Y-TORIC surface. One of these commands is required before toric surface shape parameters may be entered. If the "XTORIC" or the "YTORIC" command is issued followed only by a "?", the current toric definition will be displayed. This command is valid at both the LENS input and the UPDATE LENS levels.

CVTOR , c'xe "CVTOR (Command)[LENS]" - The "CVTOR" command is used to enter the curvature of revolution of an X or a Y-TORIC surface. If "c'" is entered with a zero value, the surface is a cylinder whose axis is parallel to either the Y or the X-axis. If the "CVTOR" command is issued followed only by a "?", the current "c'" value will be displayed. This command is valid at both the LENS input and the UPDATE LENS levels.

RDTOR , r'xe "RDTOR (Command)[LENS]" - The "RDTOR" command is used to enter the radius of curvature of revolution of an X or a Y-TORIC surface. If "r'" is entered with a zero value, the surface is a cylinder whose axis is parallel to either the Y or the X-axis. As with "r" and"c", "r'" = 0 is equivalent to "c'" = 0. If the "RDTOR" command is issued followed only by a "?", the current "r'" value will be displayed. This command is valid at both the LENS input and the UPDATE LENS levels.

TORD , i , jxe "TORD (Command)[LENS]" - The "TORD" xe "Deleting toric data"command deletes any existing toric or anamorphic definitions from the current surface. If "i" and "j" are both explicitly entered, then the command acts on surfaces "i" through "j", inclusively. The "lens pointer" is not modified by this command. Any PIKUPs referring to these deleted definitions will also be deleted. This command is valid at the UPDATE LENS level.

ANAMORPHIC ASPHERIC SURFACES - Anamorphic aspheric surfacesxe "Anamorphic aspheric surfaces" are similar to toric surfaces, except that both the YZ-plane and the XZ-plane profiles have either conic or conic and aspheric deformation terms added to the base curvatures. The anamorphic aspheric surface shapes are characterized by the next two equations.

1.
If the surface profile is defined as an X-TORIC, then the surface profile is given by:
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"cx" is the curvature set with the "CV" or "RD" commands. "(x" is the conic constant set with the "CV", "RD" or "CC" commands. The aspheric terms "Dx", "Ex", "Fx" and "Gx" are set using the "ASPH" or "AD", "AE", "AF" and "AG" commands. "cy" is the curvature of revolution set with the "CVTOR" or "RDTOR" commands. The anamorphic conic and aspheric terms "(y", "Dy", "Ey", "Fy" and "Gy" are set with the next five commands. These commands require that the surface already be defined as an X-TORIC.

2.
If the surface profile is defined as a Y-TORIC, then the surface profile is given by:
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cy is the curvature set with the "CV" or "RD" commands. (y is the conic constant set with the "CV", "RD" or "CC" commands. The aspheric terms Dy, Ey, Fy and Gy are set using the "ASPH" or "AD", "AE", "AF" and "AG" commands. cx is the curvature of revolution set with the "CVTOR" or "RDTOR" commands. The anamorphic conic and aspheric terms "(x", "Dx", "Ex", "Fx" and "Gx" are set with the next five commands. These commands require that the surface already be defined as a Y-TORIC.

CCTOR , cctorxe "CCTOR (Command)[LENS]" - The "CCTOR" command  sets the anamorphic conic constant "cctor" for the surface. If the "CCTOR" command is issued followed only by a "?", the current "cctor" value will be displayed. This command is valid at both the LENS input and the UPDATE LENS levels.

TASPH , adtor , aetor , aftor , agtor xe "TASPH (Command)[LENS]" - The "TASPH" command defines the surface to be anamorphic aspheric and is used to enter the values of the 4th, 6th, 8th and 10th order anamorphic aspheric deformation coefficients "adtor", "aetor", "aftor" and "agtor". If the "TASPH" command is issued  followed only by a "?", the current anamorphic aspheric coefficient values will be displayed. This command is valid at both the LENS input and the UPDATE LENS levels.

TASPHD , i , jxe "TASPHD (Command)[LENS]" - The "TASPHD" xe "Deleting toric aspherics"command deletes any existing anamorphic aspheric definitions from the current surface. If "i" and "j" are both explicitly entered, then the command acts on surfaces "i" through "j", inclusively. The "lens pointer" is not modified by this command. Any PIKUPs referring to these deleted definitions will also be deleted. This command is valid at the UPDATE LENS level.

ADTOR through AGTOR , valuexe "ADTOR through AGTOR (Command)[LENS]" - The "ADTOR" through "AGTOR" commands, set  the value of the 4th through 10th  order anamorphic deformation coefficient to the supplied "value". If the surface is not already defined as an anamorphic aspheric, these commands perform that task as well. If the commands are issued followed only by a "?", the current anamorphic aspheric coefficient value will be displayed. This command is valid at both the LENS input and the UPDATE LENS levels.

SURFACE DEPENDENT COMMANDS (cont'd)

DEFORMABLE SURFACEStc "DEFORMABLE SURFACES" \l 4 \f A - xe "deformable surfaces"The Deformable Surface is a surface definition which may be added to any other regular surface definition. It simulates the effect of a rectangular grid of deformable surface actuators, each of which have a deformation influence function which is in general of the form:
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EMBED Equation.3[image: image18.wmf]
and:




	A0
	1.08342

	A1
	-0.0069

	A2
	0.486

	A2
	-0.063

	A2
	0.005

	A2
	0.005


The "(" value represents the absolute value of the average distance to each actuator in units of "average actuator spacing". The "average actuator spacing" in "lens units" is computed from the actuator locations input in deformable surface data file described below.  Influence function data courtesy of Xinetics Inc., 37 MacArthur Ave., Devens, MA 01432, (978) 772-0352 (April,1998) The "average actuator spacing" in "lens units" is an arithmetic average of the average x-spacing and the average y-spacing based on the x and y-locations of the actuators specified in the deformable mirror surface. In general, the actuators will be on a square grid. The extent of the deformable mirror will be established by the clear aperture assigned to the surface in the lens database.

DEFORM  F1 to F10 , n , z-scale factor xe "DEFORM (Command)[LENS]" - The "DEFORM" command, at the LENS or UPDATE LENS levels, is used to specify that a surface is to be defined as a deformable surface. F01 to F10 is a qualifier word that specifies that the ASCII file named DEFORM01.DAT to DEGORM10.DAT holds the actuator locations and normalized actuator extention values for this surface. Normalized actuator extensions can range from -1.0 to 1.0.  "n" is the total number of actuators (max. allowable is 3969). "z-scale" is the actuator scale factor representing the physical surface deformation at any actuator location when the normalized actuator extension reaches a value of 1.0. If the "DEFORM" command is issued followed only by a "?", the current deformation input settings will be displayed. If a DEFORMxx.DAT file exists and if it has exactly "n" entries, then this file will be read into the deformable surface array. Actuator numbering (used in optimization) is illustrated in the following figure. Normalized actuator extension entries in the DEFORMxx.DAT file appear with their associated actuator X and Y-positions. The x and y-coordinates of each actuator are assumed to be relative to the center of the clear aperture assgned to the deformable surface. Each line entry in the file consists of the X-actuator location ( real value ), the Y-actuator location ( real value ) and the associated normalized actuator extension value (real value).

Example: File DEFORM01.DAT with 9 actuators

-4.5 -4.5 0.0
"actuator # 0001"

-4.5,0.0,0.0
"actuator # 0002"

-4.5,4.5,0.0
"actuator # 0003"

0.0, -4.5 0.0
"actuator # 0004"

0.0,0.0,0.0
"actuator # 0005"

0.0,4.5,0.0
"actuator # 0006"
4.5 -4.5 0.0
"actuator # 0007"
4.5,0.0,0.0
"actuator # 0008"
4.5,4.5,0.0
"actuator # 0009"

would be appropriate for a mirror with "average actuator spacing" of 4.5 lens units and with a rectangular clear aperture of 9.0 lens units (semi-extent). Deformable surfaces may not be assigned special surface characteristics. The 4-digit numbers in parantheses are the variable number designators used when calling out an actuator number to be an optimization variable. (See the OPTIM section for more details).

DELDEFOR xe "DELDEFOR (Command)[LENS]" - The "DELDEFOR" command, at the LENS or UPDATE LENS levels, is used to delete an existing DEFORM definition at the current surface.

ARRAY SURFACEStc "ARRAY SURFACES" \l 4 \f A - xe "array surfaces"The Array Surface is a surface definition which rides "on top" of plano, spherical, aspheric and amamorphic surface shape definitions and creates a "grid" or array of surfaces whose x and y-extents are equal to the array spacings in x and y. The current surface profile is replicated, centered at each array element center. Any clear aperture or obscuration applies to the entire array and not to one element of the array. Each element has in implicit rectangular clear aperture associated with it equal to the x and y-array spacings. 

ARRAY (ODD or EVEN) , dx , dyxe "ARRAY (Command)[LENS]" - The "ARRAY" command defines the current surface to be an array surface with rectangular elements. Each element will have dimensions "dx" by "dy" in lens units. The array is limitless in extent but can be effectively truncated via a clear aperture definition. If the "ODD" qualifier is used, the array has an element centered at the vertex of the surface."ODD" is the default centering if it is not explicitly entered. If the "EVEN" qualifier is used, then the intersection of four adjacent array elements lies at the surface vertex. All surface standard shapes are available for use with array lenses but special surfaces are not currently available for use with this surface type. If the "ARRAY" command is issued followed only by a "?", the current "dx", "dy" and "odd/even" values will be displayed. This command is valid at both the LENS input and the UPDATE LENS levels.

ARRAYDxe "ARRAYD (Command)[LENS]" - The "ARRAYD" command removes any "array" definition at the current surface. This command is available at the This command is valid at both the LENS input and the UPDATE LENS levels.

SURFACE SEPARATION COMMANDStc "SURFACE SEPARATION COMMANDS" \l 4 \f A - For the following surface separationxe "Surface separation specification" commands, except where otherwise noted, a default numeric entry will be interpreted as an input of 0.0.

TH , txe "TH (Command)[LENS]" - The "TH" command defines the distance "t"  from the origin of the current surface to the origin of the following surface. The distance "t" is measured along the local Z-axis of the current surface before any decentration of the following surface takes place. "t" is positive if the vertex of the next or following surface is along the positive Z-axis of the local coordinate system of the current surface and negative if it is along the local negative Z-axis. The "TH" command is not applicable at the last or image surface. If the "TH" command is issued followed only by a "?", the current "t" value will be displayed. This command is valid at both the LENS input and the UPDATE LENS levels. A non-zero thickness on the "LAST" or image surface has no meaning and is not allowed. Any thickness whose magnitude is greater than 1.0X10200 lens units will have its magnitude reduced to 1.0X10200 lens units. This is done to prevent overflow in ray tracing calculations.

SOLVES (Curvature, Separation, Center of Curvature and Clear Aperture) tc "SOLVES" \l 4 \f A - The concept xe "Curvature solves"of the SOLVE is one of the more useful concepts included in optical design software. Depending upon their nature, solves act to automatically maintain either first order optical properties or mechanical properties of an optical system. Solves, as they are implemented in the program, are of four basic types. They are:

	SOLVE TYPE
	PROPERTY MAINTAINED

	CURVATURE SOLVE
	Tangent of the slope angle of either the paraxial axial or paraxial chief ray as it leaves a surface is held to a specified value.

	CENTER OF CURVATURE SOLVE
	Surface curvature so that the center of curvature is located at a specified position. This is a type of curvature solve that does not use paraxial ray trace data as its target.

	THICKNESS SOLVE
	Height of either the paraxial axial or paraxial chief ray when it arrives at the next surface is held to a specified value.

	CLEAR APERTURE SOLVE
	Maintains the distance between the current surface and the next surface to a specified value. This is a type of thickness solve that does not use paraxial ray trace data as its target.


THM , tmxe "THM (Command)[LENS]" - The "THM" command defines a mirror thickness which will be used in the calculation of weight and price. The "THM" command is only applicable to mirror surfaces with material type REFL. The distance "tm" is measured along the local Z-axis of the current surface. If the "THM" command is issued followed only by a "?", the current "tm" value will be displayed. This command is valid at both the LENS input and the UPDATE LENS levels.

CURVATURE SOLVES
APYxe "APY (Command)[LENS]" - The "APY" command implements the YZ-plane paraxial axial ray aplanatic solve. The surface curvature in the YZ-plane is adjusted such that the aplanatic condition is satisfied, i.e., i + u = 0 where "i" is the angle of incidence (tangent)  for the paraxial axial ray and u is the slope angle (tangent) of that same ray after refraction or reflection. 3rd order spherical aberration, coma and astigmatism contributions at this surface in the YZ-plane will be zero. This command is valid at both the LENS input and the UPDATE LENS levels.

APXxe "APX (Command)[LENS]" - The "APX" command is identical to the "APY" command except that it works in the XZ-plane.

APCYxe "APCY (Command)[LENS]" - The "APCY" command implements the YZ-plane paraxial chief ray aplanatic solve. The surface curvature in the YZ-plane is adjusted such that the aplanatic condition is satisfied, i.e., i' + u' = 0 where " i' " is the angle of incidence (tangent) for the paraxial chief ray and " u' " is the slope angle (tangent) of that same ray after refraction or reflection. This command is valid at both the LENS input and the UPDATE LENS levels.

APCXxe "APX (Command)[LENS]" - The "APCX" command is identical to the "APCY" command except that it works in the XZ-plane.

PIY , jxe "PIY (Command)[LENS]" - The "PIY" command implements the YZ-plane paraxial axial ray angle of incidence solve. The surface curvature in the YZ-plane is adjusted so that the angle of incidence (tangent) of the paraxial axial ray has the value "j". This command is valid at both the LENS input and the UPDATE LENS levels.

PIX , j xe "PIX (Command)[LENS]" - The "PIX" command is identical to the "PIY" command except that it works in the XZ-plane.

PICY , jxe "PICY (Command)[LENS]" - The "PICY" command implements the YZ-plane paraxial chief ray angle of incidence solve. The surface curvature in the YZ-plane is adjusted so that the angle of incidence (tangent) of the paraxial chief ray has the value "j". This command is valid at both the LENS input and the UPDATE LENS levels.

PICX , j xe "PICX (Command)[LENS]" - The "PICX" command is identical to the "PICY" command except that it works in the XZ-plane.

PUY (qualifier) , jxe "PUY (Command)[LENS]"- -The "PUY" command implements the YZ-plane paraxial axial ray slope angle solve. The surface curvature in the YZ-plane is adjusted so that the slope angle (tangent) of the paraxial axial ray after reflection or refraction has the value "j". This command is valid at both the LENS input and the UPDATE LENS levels. The solve is always "remembered" in the lens database as a "PUY" solve without the "qualifier" and with the target value always representing an axial ray slope (tangent). An optional qualifier word is available. If it is used, the meaning of "j" temporarily changes. If the qualifier "FN" is used, "j" is interpreted initially as a YZ-plane f/number. This f/number is converted to and remembered as a target ray slope angle (tangent) by the following relation:
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PUX (qualifier) , jxe "PUX (Command)[LENS]" - The "PUX" command works exactly as the "PUY" command except that it works in the XZ-plane.

PUCY , jxe "PUCY (Command)[LENS]" - The "PUCY" command implements the YZ-plane paraxial chief ray slope angle solve. The surface curvature in the YZ-plane is adjusted so that the slope angle (tangent) of the paraxial chief ray after reflection or refraction has the value "j". This command is valid at both the LENS input and the UPDATE LENS levels.

PUCX (qualifier) , jxe "PUCX (Command)[LENS]" - The "PUCX" command works exactly as the "PUCY" command except that it works in the XZ-plane.

COCY , jxe "COCY (Command)[LENS]" - The "COCY" command implements the YZ-plane center of curvature solve. The surface curvature in the YZ-plane is adjusted so its center of curvature is positioned at the origin of surface "j". It is assumed that there are no tilted or decentered surfaces between this surface and surface "j". This command is valid at both the LENS input and the UPDATE LENS levels. If "j" is greater than the number of the surface for which this command is issued, there may be no paraxial thickness solves affecting any intervening thicknesses.

COCX (qualifier) , jxe "COCX (Command)[LENS]" - The "COCX" command works exactly as the "COCY" command except that it works in the XZ-plane.

CSD , i , j or CSD ALLxe "CSD (Command)[LENS]" - The "CSD" command xe "Deleting XZ and YZ curvature solves"deletes any existing XZ and YZ-plane curvature solves from the current surface. If "i" and "j" are both explicitly entered, then the command acts on surfaces "i" through "j", inclusively. If the qualifier word "ALL" is used, curvature solves are deleted from all surfaces. The "lens pointer" is not modified by this command. Solve parameters will be frozen at their current value. This command is valid at the UPDATE LENS level.

CSDX , i , j or CSDX ALLxe "CSDX (Command)[LENS]" - The "CSDX" xe "Deleting XZ curvature solves"command deletes any existing XZ-plane curvature solves from the current surface. Solve parameters will be frozen at their current value. If "i" and "j" are both explicitly entered, then the command acts on surfaces "i" through "j", inclusively. If the qualifier word "ALL" is used, curvature solves are deleted from all surfaces. The "lens pointer" is not modified by this command. This command is valid at the UPDATE LENS level.

CSDY , i , j or CSDY ALLxe "CSDY (Command)[LENS]" - The "CSDX" command works exactly as the "CSDY" command except that it works in the XZ-plane.

THICKNESS SOLVES - The "TH" xe "Thickness solves"command was used to explicitly define the axial thickness "t". Thickness solves on the other hand are used to specify the axial thickness "t" indirectly in terms of a condition which must be satisfied by a specific value of "t".

PY , ixe "PY (Command)[LENS]" - The "PY" command implements the YZ-plane paraxial axial ray height solve. The axial distance to the next surface "t" will be adjusted so that the paraxial axial ray in the YZ-plane has height "i" at the next surface. This command is valid at both the LENS input and the UPDATE LENS levels.

PX , i xe "PX (Command)[LENS]" - The "PX" command works exactly as the "PY" command except that it works in the XZ-plane.

PCY , ixe "PCY (Command)[LENS]" - The "PCY" command implements the YZ-plane paraxial chief ray height solve. The axial distance to the next surface "t" will be adjusted so that the paraxial chief ray in the YZ-plane has height "i" at the next surface. This command is valid at both the LENS input and the UPDATE LENS levels.

PCX , i xe "PCX (Command)[LENS]" - The "PCX" command works exactly as the "PCY" command except that it works in the XZ-plane.

CAY , i xe "CAY (Command)[LENS]" and CAX , ixe "CAX (Command)[LENS]" - The "CAY" and "CAX" commands implement the YZ-plane and XZ-plane clear aperture solves. The axial distance to the next surface "t" is initially assigned the value "i". If there is a circular clear aperture defined on surface "i", then that clear aperture height is used as the effective aperture height. Any clear aperture decentrations are ignored. If there is no circular clear aperture defined on surface "i", then the effective aperture height will be taken as the sum of the absolute values of the marginal and chief paraxial ray heights at surface "i". Then:

1.
The sagitta (sag) Z of the current surface at the effective aperture height is calculated from the equation 
describing the current surface.

2.
The sagitta Z+1 of the following surface at the same effective aperture height in the YZ-plan or XZ-plane 
is calculated.

3.
If Z - Z+1 > 0, the program redefines "t" to be t = t' + (Z - Z+1). If Z - Z+1 < or = 0, the program sets t=t'.

 Only surface shapes established through input at the LENS input and UPDATE LENS levels are used in the clear aperture solves. The sagitta calculation used in the "CAY" and "CAX" solve implementations does not take into account surface shapes generated from special surface profile definitions. In the case of toric surfaces, the steepest curvature is used in the calculation. Conic and rotationally symmetric aspheric coefficients are considered in this calculation. The "CAY" and "CAX" commands are valid at both the LENS input and the UPDATE LENS levels. 
TSD , i , j or TSD ALLxe "TSD (Command)[LENS]" - The "TSD" xe "Deleting thickness solves"command deletes any existing thickness solves from the current surface. If "i" and "j" are both explicitly entered, then the command acts on surfaces "i" through "j", inclusively. If the qualifier word "ALL" is used, thickness solves are deleted from all surfaces. The "lens pointer" is not modified by this command. Solve parameters will be frozen at their current value. This command is valid at the UPDATE LENS level.

PARTING NOTES ON ALL SOLVES:
1: Solves, even those which do not reference paraxial ray data, ignore all tilts and decentrations in the lens system just as the paraxial ray trace does.

2: Chief ray  solves are never allowed on the object surface or on surfaces which come before the aperture stop. The aperture stop will be discussed in detail in the description of the "ASTOP" command. Thickness and clear aperture solves are also not allowed on the image surface. Specifically the solve in question are: PCY, PCX, PUCY, PUCX, PICY, PICX, APCY and APCX.

3: YZ-plane marginal ray solves are not allowed before the ASTOP surface if SAY FLOAT is in effect. Specifically the solve in question are: PY, PUY, PIY, CAY, COCY and APY.

4: XZ-plane marginal ray solves are not allowed before the ASTOP surface if SAX FLOAT is in effect. Specifically the solve in question are: PY, PUY, PIY, CAX, COCX and APY.

5: All solves are resolved when the "EOS" or "END" command is issued from the LENS input and the UPDATE LENS levels.

6: Issuing any solve command followed only by a "?" will cause the current solve datum and associated surface parameter values to be displayed.

7: All solves take precedence over optimization and tolerance variable definitions. If there is a conflict, the variable definition is disallowed or deleted. 

SURFACE TILT AND DECENTRATIONtc "SURFACE TILT AND DECENTRATION" \l 4 \f A - The xe "Surface tilts and decentrations"terms "preceding surface" and "following surface" refer to two adjacent surfaces in the lens database. Tilt and decentration commands provide a means of positioning a "following surface" relative to the local coordinate system of its "preceding surface". In the absence of tilts and decentrations, the X and Y-axis of a "following surface" are assumed to be parallel to the X and Y-axis of its "preceding surface". The local Z-axis of the surfaces are assumed to be coincident. The origin of a following surface lies a distance "t" from the origin of a "preceding surface" measured along the local Z-axis of its "preceding surface". The local coordinate system of a "preceding surface" is always the reference coordinate system for its "following surface" after tilts and/or decentrations have been applied. Tilts and decentrations are not applicable to the object surface since the local coordinate system of the object  surface is the initial reference coordinate system for the lens database. Tilts or decentrations assigned to the object surface are always ignored during real ray tracing. The object surface may either be surface zero or it may be some other surface which has been temporarily assigned as the object surface using the 5th numeric word of the "FOB" command.

DEC , yd , xd , zdxe "DEC (Command)[LENS]" or YD , ydxe "YD (Command)[LENS]" or XD , xdxe "XD (Command)[LENS]" or ZD , zdxe "ZD (Command)[LENS]" - The xe "Decentering a surface""DEC", "YD", "XD" and "ZD" commands define the current surface to be decentered with respect to the local coordinate system of its "preceding surface" by the amounts "yd" in the Y-direction, "xd" in the X-direction and "zd" in the Z-direction. If these commands are issued followed only by a "?", the current "yd", "xd" and/or "zd values will be displayed. These commands are valid at both the LENS input and the UPDATE LENS levels. The surface vertex of the surface containing these decentrations will be located at coordinates X = "xd", Y = "yd" and z = "zd"+"t" with respect to the coordinate system of the previous surface. If the decentered surface is defined as a "TILT"ed surface and if the associated surface angle rotations ALPHA, BETA and/or GAMMA are non-zero, then these tilt rotations are performed after the decentrations are performed. The tilts are performed in the order ALPHA then BETA then GAMMA. If the decentered surface is defined as an "RTILT"ed surface (Reverse Tilt) and if the associated surface angle rotations ALPHA, BETA and/or GAMMA are non-zero, then these tilt rotations are performed before the decentrations are performed. The tilts are performed in the reverse sequence order. First, a negative GAMMA rotation is performed; then, a negative BETA rotation is performed; and finally, a negative ALPHA rotation is performed. After these reverse sequence rotations are performed, negative "xd", negative "yd" and a negative "zd" decentrations are made. These decentrations are made in the new coordinate system generated by the rotations. The following three figures illustrate the definitions of the surface angle rotations ALPHA, BETA and GAMMA as they are used in this program.  ALPHA and BETA are positive left-handed and GAMMA is positive right-handed. 
PIVAXIS VERTEXxe "PIVAXIS VERTEX (Command)[LENS]" or PIVAXIS NORMALxe "PIVAXIS NORMAL (Command)[LENS]" - This feature only works on surfaces which have either a "TILT", "RTITLT" or "TILT DAR" and also an explicit alternate pivot point defined on them. By default, when the program starts or when a new lens database is started, all surface tilts and decenters are understood to be represented in the local coordinate system of the surface. This system has its origin at the surface vertex. This is the condition represented when the default "PIVAXIS VERTEX" is in effect. If "PIVAXIS NORMAL" is set, then a different coordinate system will be used as the tilt and decenter reference coordinate system. This alternate coordinate system will have its origin on the surface at locations X and Y where X and Y are the X and Y-values of the PIVOT definition currently established at that surface. The reference Z-axis will be parallel to the surface normal at this point. If an unrealistic surface sag exists at this surface at coordinates X and Y then the tilts and decenters will be applied as if "PIVAXIS VERTEX" was in effect.

SIGN CONVENTION OF THE SURFACE TILT ANGLEStc "ANGLE SIGN CONVENTIONS" \l 4 \f A
TILT COORDINATE SYSTEMtc "TILT COORDINATE SYSTEM" \l 4 \f A
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"ALPHA" Definitiontc "Mixed-sign ALPHA Definition" \f G
The "ALPHA" surface rotation angle defines a rotation about the current X-axis. This rotation follows the left-hand rule. The sign convention for "ALPHA" is such that if your left-hand fingers point from the original Z-axis toward the new Z'-axis, your left-hand thumb points in the direction of the positive X-axis.
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"BETA" Definitiontc "Mixed-sign BETA Definition" \f G
The "BETA" surface rotation angle defines a rotation about the current Y-axis. This rotation follows the left-hand rule. The sign convention for "BETA" is such that if your left-hand fingers point from the original Z-axis toward the new Z'-axis, your left-hand thumb points in the direction of the positive Y-axis.
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"GAMMA" Definitiontc "Mixed-sign GAMMA Definition" \f G
The "GAMMA" surface rotation angle defines a rotation about the current Z-axis. This rotation follows the right-hand rule. The sign convention for "GAMMA" is such that if your right-hand fingers point from the original Y-axis toward the new Y'-axis, your right-hand thumb points in the direction of the positive Z-axis.

SURFACE TILT COMMANDStc "SURFACE TILT COMMANDS" \l 4 \f A
TILT , alpha , beta , gammaxe "TILT (Command)[LENS]" - The "TILT" xe "Tilting a surface"command causes the local coordinate system of the surface to be tilted by successive surface angle rotations "alpha", "beta" and "gamma". If the surface is decentered, decentrations are performed first. "alpha", "beta", "gamma" are always expressed in degrees. This command is valid at both the LENS input and the UPDATE LENS levels. 

RTILT , alpha , beta , gammaxe "RTILT (Command)[LENS]" - The "RTILT" xe "Reverse tilting a surface"command (stands for Reverse TILT) causes the local coordinate system of the surface to be tilted by successive surface angle rotations negative "gamma", negative "beta" and then negative "alpha". If the surface is decentered, negative decentrations are performed after the rotations. "gamma", "beta" and "alpha" are always expressed in degrees. The command is the inverse of the "TILT" command. This command is valid at both the LENS input and the UPDATE LENS levels.

TILT AUTO , alpha , beta , gammaxe "TILT AUTO (Command)[LENS]" - The "TILT AUTO"xe "Automatic tilting with TILT AUTO" command automatically tilts and decenters the surface to which it is assigned so as to align the surface Z-axis parallel with the so-called optical axis. The so-called optical axis is defined by a real, non-paraxial reference ray traced from the center of the object surface through the center of the reference surface. The specific inputs of "alpha", "beta" and "gamma" are interpreted as angular offsets to this automatic alignment process. A surface can be held in an offset alignment mode with the optical axis using explicit entries for "alpha", "beta" and "gamma". The default values for "alpha", "beta" and "gamma" are 0.0. With the "TILT AUTO" feature on, every time a reference ray is traced using the "FOB" command, an on-axis reference ray is first traced at the control wavelength, and then the surface with the "TILT AUTO" assigned to it is decentered and tilted so as to remain aligned with this on-axis reference ray. This command is valid at both the LENS input and the UPDATE LENS levels. This auto-alignment will effect the positions and orientations of all following surfaces. 

TILT AUTOM , alpha , beta , gammaxe "TILT AUTOM (Command)[LENS]" - The "TILT AUTOM" xe "Automatic surface tilting with TILT AUTOM"command is identical to the "TILT AUTO" command, except that the surface Z-axis is aligned anti-parallel to the optical axis. This command is valid at both the LENS input and the UPDATE LENS levels.

TILT AUTODxe "TILT AUTOD (Command)[LENS]" - The "TILT AUTOD" xe "Stop automatic surface tilting"command removes the automatic tilt and decenter feature from the current surface. The surface will remain tilted and decentered at its current position. This command is valid at both the LENS input and the UPDATE LENS levels. "TILT AUTO" and "TILT AUTOM" commands may only be used on surfaces which follow the system reference surface. If the reference surface position is redefined during ray tracing so that this rule is violated, serious ray trace errors will occur.

ABOUT TILT SIGN CONVERTIONS: When converting a lens system from one which has ALPHA tilts to one which has BETA tilts, or vice versa, remember that in order to maintain correct relationships, a positive ALPHA tilt looks just like a negative BETA tilt a positive BETA tilt looks just like a negative alpha tilt. Study the foregoing figures before replacing BETA tilts with same sign ALPHA tilts or ALPHA tilts with same sign BETA tilts. This is a very common user error.  (

TILTD , i , jxe "TILTD (Command)[LENS]" - The "TILTD" xe "Deleting surface tilts"command deletes any existing tilt definitions from the current surface. Any PIKUPs referring to these deleted tilt definitions will also be deleted. If "i" and "j" are both explicitly entered, then the command acts on surfaces "i" through "j", inclusively. The "lens pointer" is not modified by this command. Decentrations are not deleted.  This command is valid at the UPDATE LENS level. Decentrations may be deleted using the "YD , 0",  "XD , 0" or  "DEC , 0 , 0" commands.

TILT AUTOD , i , jxe "TILT AUTOD (Command)[LENS]" - The "TILT AUTOD" xe "Deleting automatic tilts with TILT AUTOD"command deletes any existing TILT AUTO or TILT AUTOM definitions from the current surface. If "i" and "j" are both explicitly entered, then the command acts on surfaces "i" through "j", inclusively. The "lens pointer" is not modified by this command. TILT AUTO will be replaced by a simple TILT definition. This command is valid at the UPDATE LENS level.

SPECIAL TILT COMMANDS tc "SPECIAL TILT COMMANDS" \l 4 \f A - The tilt and decenterxe "Inserting a fold mirror with TILT BEN" commands already described are all that are needed to completely describe surface positions and orientations in the optical design and analysis process. The next three commands are special tilt commands. They can be simulated using the previously described tilt commands but at the expense of using extra dummy surfaces containing tilts and decenters.

TILT BEN , alpha , beta xe "TILT BEN (Command)[LENS]" - "TILT BEN" may not be placed on the object surface or on surface #1. If you think you need it on surface #1, make surface #1 a dummy surface and put it on surface #2. The "TILT BEN" command is used to model a fold mirror with just one lens database surface. Without the "TILT BEN" command, two tilted surfaces would be required to model a fold mirror. The first tilted surface would be required to model the mirror surface and its tilt. The second "dummy" surface would be required to align the new coordinate system with the optical axis. The "TILT BEN" command causes the program to automatically and internally align the new coordinate system with the optical axis without the use of this second "dummy" surface. If decenters are assigned to a "TILT BEN" surface, the decenters are performed before the tilts. The tilts are performed in the order "alpha", then "beta" and then "gamma". This command is valid at both the LENS input and the UPDATE LENS levels. The program automatically computes a "gamma" rotation and assigns it. This is only done once at the time the "TILT BEN" command is issued. This automatically supplied "gamma" rotation acts to rotate the system surface following the TILT BEN surface so that the central ray will be aligned properly and so that a meridional ray will remain a meridional ray in the surfaces following the TILT BEN surface. 

Issued with no numeric input, the "TILT BEN" command converts any existing tilt type to a TILT BEN and leaves existing alpha,beta and gamma values unchanged. The "gamma" angle is computed using the following two equations:
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TILT BEND xe "TILT BEND (Command)[LENS]" - The "TILT BEND" xe " removing a TILT BEN"command is used to convert a "TILT BEN" assignment on the current surface into a simple "TILT" on that surface followed by a new surface with a "TILT" and appropriate tilts and decenters such that the two surfaced work as the single "TILT BEN" originally worked. All appropriate solves and thicknesses are transferred to the new surface. Since "TILT BEND" adds a lens surface, it is best to use "TILT BEND" from the highest surface number to the lowest, when replacing multiple occurrences of "TILT BEN" during the same lens modification session.

TILT DAR , alpha , beta , gammaxe "TILT DAR (Command)[LENS]" - "TILT DAR" may not be placed on the object surface or on surface #1. If you think you need it on surface #1, make surface #1 a dummy surface and put it on surface #2. The "TILT DAR" xe "Decenter/Tilt and Return with TILT DAR"command is used to model a tilted surface without tilting the underlying coordinate system. Without the "TILT DAR" command, two tilted surfaces would be required to model such a geometry. The first tilted surface would be required to model the surface and its tilt. A second "dummy" surface would be required (with a reverse tilt assigned to it) to restore the original coordinate system orientation. The "TILT DAR" command causes the program to automatically and internally restore the original coordinate system without the use of this second "dummy" surface. If decenters are assigned to a "TILT DAR" surface, the decenters are performed before the tilts. The tilts are performed in the order "alpha", then "beta" and then "gamma". The tilts are then removed from the underlying coordinate system in the order "gamma", then "beta" and then "alpha". The decenters are then removed. This command is valid at both the LENS input and the UPDATE LENS levels. If the foregoing tilt commands are issued followed only by "?", the current tilt definition type and associated angles will be displayed. Issued with no numeric input, the "TILT DAR" command converts any existing tilt type to a TILT DAR and leaves existing alpha,beta and gamma values unchanged.

TILT DARD xe "TILT DARD (Command)[LENS]" - The "TILT DARD" xe " removing a TILT DAR"command is used to convert a "TILT DAR" assignment on the current surface into a simple "TILT". on that surface followed by a new surface with an "RTILT" and appropriate tilts and decenters such that the two surfaced work as the single "TILT DAR" originally worked. All appropriate solves and thicknesses are transferred to the new surface. Since "TILT DARD" adds a lens surface, it is best to use "TILT DARD" from the highest surface number to the lowest, when replacing multiple occurrences of "TILT DAR" during the same lens modification session.

TILT REV , alpha , beta , gammaxe "TILT REV (Command)[LENS]" - "TILT REV" may not be placed on the object surface or on surface #1. If you think you need it on surface #1, make surface #1 a dummy surface and put it on surface #2. The "TILT REV" xe "REVerse tilts"command works exactly the same as an "RTILT" command except that all rays intersect the surface to which the "TILT REV" command is assigned, before the reverse tilts and decentrations are applied. After ray intersection, "TILT REV" causes the local coordinate system of the surface to which the "TILT REV" is assigned, to be rotated by successive surface angle rotations negative "gamma", negative "beta" and then negative "alpha". If the surface is decentered, negative decentrations are performed after the rotations. "gamma", "beta" and "alpha" are always expressed in degrees. This command is valid at both the LENS input and the UPDATE LENS levels. If the foregoing tilt commands are issued followed only by "?", the current tilt definition type and associated angles will be displayed. Issued with no numeric input, the "TILT REV" command converts any existing tilt type to a TILT REV and leaves existing alpha,beta and gamma values unchanged.

TILT REVD xe "TILT REVD (Command)[LENS]" - The "TILT REVD" xe " removing a TILT REV"command is used to convert a "TILT REV" assignment on the current surface into an untilted surface followed by a new surface with an "RTILT". Appropriate tilts and decenters are assigned to the second surface such that the two surfaced work as the single "TILT REV" originally worked. All appropriate solves and thicknesses are transferred to the new surface. Since "TILT REVD" adds a lens surface, it is best to use "TILT REVD" from the highest surface number to the lowest, when replacing multiple occurrences of "TILT REV" during the same lens modification session.

TILT RET , i xe "TILT RET (Command)[LENS]" - "TILT RET" may not be placed on the object surface or on surface #1. If you think you need it on surface #1, make surface #1 a dummy surface and put it on surface #2. The "TILT RET" xe " Return with TILT RET"command is used to automatically relocate the surface to which it is assigned to the location of  a previous surface, designated by "i". "i" must be explicitly input by the user. This is done without using any additional dummy surfaces. 

TILT RETD xe "TILT RETD (Command)[LENS]" - The "TILT RETD" xe " removing a TILT RET"command is used to convert a "TILT RET" assignment on the current surface into a simple "TILT". After this automatic co-location operation, the vertices of the two surfaces will be co-aligned so that the X, Y and Z-axes of the two surface will have identical orientations with respect to one another. This command is valid at both the LENS input and the UPDATE LENS levels. If the foregoing "TILT RET" command is issued followed only by "?", the current tilt definition type and associated angles will be displayed.

SPECIAL "TILT RET" RULES:

1. A "TILT RET" may only be made to a previous surface.

2. No "TILT AUTO" or "TILT AUTOM" commands may appear on surfaces preceding  surfaces with "TILT RET"s assigned.

3. A "TILT RET" may not be made to a surface which itself has a "TILT RET" or "TILT RETGO" assigned.

4. All "TILT RET" are resolved sequentially from the object surface to the image surface in one, single resolution pass. Circular return references will be ignored or interpreted incorrectly.

ALTERNATE PIVOT POINTStc "ALTERNATE PIVOT POINTS" \l 4 \f A
PIVOT , pivx , pivy , pivzxe "PIVOT (Command)[LENS]" and PIVX , pivx xe "PIVX (Command)[LENS]" and PIVY , pivyxe "PIVY (Command)[LENS]" and PIVZ , pivzxe "PIVZ (Command)[LENS]" - The "PIVOT", "PIVX", "PIVY" and "PIVZ" xe " alternate tilt pivot points"commands are used to specify alternate pivot points for the "TILT", "TILT DAR" and "RTILT" commands on the current surface. The default pivot point for all tilts is always the origin of the local coordinate system on the surface. This alternate pivot point definition is ignored by "TILT RET", "TILT AUTO", "TILT AUTOM" and "TILT BEN" commands. The "pivx", "pivy" and "pivz" positions are always measured in the local coordinate system of the surface upon which the alternate pivot point assignment is placed. Any explicit surface decentrations are added to the program computed decenters needed to simulate a rotation about an alternate pivot piont.

PIVOTD xe "PIVOTD (Command)[LENS]" - The "PIVOTD" command removes any existing pivot assignment on the current surface.

CMD LEVEL TILT UTILITYtc "CMD LEVEL TILT UTILITY" \l 4 \f A
VERTSxe "VERTS (Command)[CMD]" command. Sometimes the position of a following surface, and it's orientation, is not be specified in terms of XD, YD, TH, ALPHA, BETA and GAMMA with respect to the previous surface but will instead be specified by XD, YD, ZD and a set of direction cosines of the X, Y and Z local coordinate axis of the following surface with respect to the previous surface. The "VERTS" command will convert that type of specification into XD, YD, ZD, ALPHA, BETA and GAMMA (assuming a TILT definition is used on the following surface). Before issuing the VERTS command, the following data must be stored in the first 24 general puropse storage registers using the STO (register number) , (value to be stored). The data for both surfaces must, of course, be specified in the same shared coordinate system).

Register 1
X-position of the previous surface

Register 2
Y-position of the previous surface

Register 3
Z-position of the previous surface

Register 4
XL-L-dircos of previous surface's local X-axis

Register 5
XM-M-dircos of previous surface's local X-axis

Register 6
XN-N-dircos of previous surface's local X-axis

Register 7
YL-L-dircos of previous surface's local Y-axis

Register 8
YM-M-dircos of previous surface's local Y-axis

Register 9
YN-N-dircos of previous surface's local Y-axis

Register 10
ZL-L-dircos of previous surface's local Z-axis

Register 11
ZM-M-dircos of previous surface's local Z-axis

Register 12
ZN-N-dircos of previous surface's local Z-axis

Register 13
X-position of the next surface

Register 14
Y-position of the next surface

Register 15
Z-position of the next surface

Register 16
XL-L-dircos of next surface's local X-axis

Register 17
XM-M-dircos of next surface's local X-axis

Register 18
XN-N-dircos of next surface's local X-axis

Register 19
YL-L-dircos of next surface's local Y-axis

Register 20
YM-M-dircos of next surface's local Y-axis

Register 21
YN-N-dircos of next surface's local Y-axis

Register 22
ZL-L-dircos of next surface's local Z-axis

Register 23
ZM-M-dircos of next surface's local Z-axis

Register 24
ZN-N-dircos of next surface's local Z-axis

GLOBAL COORDINATE SURFACE INPUT tc "GLOBAL COORDINATE SURFACE INPUT" \l 4 \f A - xe "Global Surface Input" In all of the previous and many following commands, surface locations are specified in the local coordinate system of the previous surface. This section describes a way to specify surface locations in the coordinate system of a "global" surface. It should be remembered that using the "TILT RET" command, the local surface vertex of a surface could be automatically relocated and realigned to the local coordinate system of a previous surface. The program automatically computed and applied decentrations and tilts so as to relocate and realign a surface vertex at this previous surface location and orientation. The following six global coordinate specification commands have been added to the program. They can be applied to any surface which has previously been assigned a "TILT" but are most useful when applied to a surface which has been previously assigned a "TILT RET". After a "TILT RET" has returned and oriented a surface to the "TILT RET" target surface orientation, then the surface can be decentered and tilted with respect to the RET surface local coordinate system. This provides for full "global"-type of surface positioning. It allows the user to have multiple "global"-type coordinate reference surfaces. Remember that the "TILT RET" command is the command which defines the active "global"-type of surface. The following six commands may be used to define this type of "global" surface positioning:

GDX , gdx xe "GDX (Command)[LENS]"
GDY , gdy xe "GDY (Command)[LENS]"
GDZ , gdz xe "GDZ (Command)[LENS]"
GALPHA , galpha xe "GALPHA (Command)[LENS]"
GBETA , gbeta xe "GBETA (Command)[LENS]"
GGAMMA , ggamma xe "GGAMMA (Command)[LENS]"
The angles are input in degrees. These six global positioning data items can now also be "picked up", used as optimization or tolerancing variables, gotten using the "GET" command and used as optimization or tolerancing operands.

SINGLE SURFACE PIKUPStc "SINGLE SURFACE PIKUPS" \l 4 \f A - Single surface xe "Surface PIKUPS"PIKUP commands are tools used to link a surface parameter (radius, thickness, glass, etc.) of one surface to a corresponding surface parameter of another surface. These PIKUPs are resolved ( i.e., values are actually assigned) each time the LENS input or UPDATE LENS levels are exited using the "EOS" or "END" command. Checking is performed to determine if PIKUP and/or solve conflicts exist. Error messages are automatically displayed if disallowed combinations of PIKUPs and solves are attempted. The usual error is an attempt to pick up a surface parameter from a following surface when the picked-up parameter is defined indirectly in terms of other PIKUPs or solves. These nested PIKUPs are not allowed. The general form of the "PIKUP" command is:

PIKUP (parameter name) , j , a , b ,, cfflagxe "PIKUP (Command)[LENS]" - The PIKUP surface parameter value "P" (the eventual value after "EOS" or "END") is related to the corresponding parameter value "P(j)" at surface "j" by the relation:
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"a" is the user-supplied multiplicative constant and "b" user-supplied is the additive constant. PIKUPs are alway kept properly "up to date", even during tolerancing and optimization. The "cfflag" is normally left blank. If "cfflag" is left blank, then the source value for the pikup will be data from the current lens configuration. If "cfflag" is not left blank, then the source value for the pikup will be data from lens configuration #1, otherwise known as the main configuration. Some PIKUP parameters logically do not use the multiplicative and additive constants. The following table is a list of all 44 parameters that may be picked up:

	Parameter Name
	Parameter

	CV
	surface profile curvature (c)

	RD
	surface profile radius of curvature (r)

	CC
	surface conic constant (cc)

	CVTOR
	surface profile toric curvature (c')

	RDTOR
	surface profile toric radius of curvature (r')

	AC
	2nd order aspheric coefficient (ac)

	AD
	4th order aspheric coefficient (ad)

	AE
	6th order aspheric coefficient (ae)

	AF
	8th order aspheric coefficient (af)

	AG
	10th order aspheric coefficient (ag)

	AH
	12th order aspheric coefficient (ag)

	AI
	14th order aspheric coefficient (ag)

	AJ
	16th order aspheric coefficient (ag)

	AK
	18th order aspheric coefficient (ag)

	AL
	20th order aspheric coefficient (ag)

	ADTOR
	4th order anamorphic aspheric coefficient (adtor)

	AETOR
	6th order anamorphic aspheric coefficient (aetor)


	Parameter Name
	Parameter

	AFTOR
	8th order anamorphic aspheric coefficient (aftor)

	AGTOR
	10th order anamorphic aspheric coefficient (agtor)

	CCTOR
	surface toric conic constant (cctor)

	XD
	X-decentration (xd)

	YD
	Y-decentration (yd)

	ZD
	Z-decentration (zd)

	ALPHA
	tilt angle about the X-axis (alpha)

	PRO
	complete surface profile (no "a" or "b") (Includes special surface definitions and deformable surface definitions)

	NPRO
	PRO , cv and aspheric signs reversed (no "a" or "b" input) (Excludes special surface definitions and deformable surface definitions) 

	GLASS
	surface glass definition (no "a" or "b" input)

	CLAP
	complete surface clear aperture data (no "a" or "b" input)

	COBS
	complete surface obscuration data (no "a" or "b" input)

	BETA
	tilt angle about the Y-axis (beta)

	GAMMA
	tilt angle about the Z-axis (gamma)

	TH
	axial thickness (t)

	THOAL
	overall length pikup

	PIVX
	alternate x-pivot point location for a "TILT" 

	PIVY
	alternate y-pivot point location for a "TILT"

	PIVZ
	alternate z-pivot point location for a "TILT"

	GDX
	global coordinate surface x-decenter (used with TILT RET)

	GDY
	global coordinate surface y-decenter (used with TILT RET)

	GDZ
	global coordinate surface z-decenter (used with TILT RET)

	GALPHA
	global coordinate surface alpha tilt (used with TILT RET)

	GBETA
	global coordinate surface beta tilt (used with TILT RET)

	GGAMMA
	global coordinate surface gamma tilt  (used with TILT RET)

	GRT
	diffraction grating definition

	COATING
	coating file number 0=no coating, 1 to 1000 valid coating file numbers


Default conditions for PIKUPS are: Except for "PRO", "NPRO", "CLAP", "COBS", "GLASS", if no entry is made for the multiplicative constant "a", the program assumes a=1.0. If no entry is made for the additive constant "b", it is assumed to be 0.0. The default for "cfflag" is blank. A negative value for the surface number entry "j" may be used to count back from the current surface. Thus,  j = -1 denotes the immediately preceding surface. The "PIKUP CVTOR" and "PIKUP RDTOR" commands require both the current surface and the referenced surface "j" to be defined as toric and as the same type of toric (either both Y-TORIC or both X-TORIC) by the time the "EOS" or "END" command is issued. The "PIKUP PRO" and "PIKUP NPRO" commands require both the current surface and the referenced surface "j" to be defined as either the same type of toric or non-toric by the time the "EOS" or "END" command is issued. If these conditions do not exist at the time the "EOS" or "END" command is issued, the "pikup" surface will be redefined so as to be either non-toric or to be the same toric type as the surface being referenced by the PIKUP. The picking up of an aspheric coefficient automatically identifies the "pikup" surface as aspheric. Any undefined coefficients are assumed equal to zero.

SPECIAL PIKUP OPTIONtc "SPECIAL PIKUP OPTION" \l 4 \f A
PIKUP (parameter name) , j , a , , 1, cfflagxe "PIKUP (Command)[LENS]" - For any "PIKUP" xe "Special PIKUP option"command requiring entry of the additive constant "b", an option for specifying "b" implicitly is provided. This implicit definition of "b" is selected by entering a "1" in the 4th numeric word of the "PIKUP" command. The explicit entry for "b" may be left in the default input form as shown above or an explicit value may be entered. In either case, the entry for "b" is ignored. A new value for "b" is calculated by the relation:
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P'=(parameter value at PIKUP surface)






P'(j)=(parameter value at surface "j")

P' is the value of the PIKUP parameter at the current PIKUP surface. P'(j) is the value of the PIKUP parameter at referenced surface "j". P' and P'(j)  must have already been explicitly defined using other LENS input or UPDATE LENS level commands. After this initial calculation of "b", the surface PIKUP will be reset to a normal PIKUP. This special PIKUP option is an easy way of establishing linear relationships between a parameter on different surfaces. This special PIKUP option applies to all PIKUPs, except "PIKUP PRO", "PIKUP NPRO" and "PIKUP GLASS". If the "PIKUP" commands are issued followed only by a "?", the current value of the associated PIKUP data will be displayed. "PIKUP" commands are valid at both the LENS input and the UPDATE LENS levels.
OVERALL LENGTH PIKUPtc "OVERALL LENGTH PIKUP" \l 4 \f A
PIKUP THOAL , j , k , a , b , cfflagxe "PIKUP THOAL (Command)[LENS]" - The "PIKUP THOAL" xe "Multiple surface PIKUP THOAL"command is a multiple-surface thickness pikup. It is used to link the thickness on the current surface to the overall length (sum of axial surface thicknesses) from surface "j" to surface "k". The current surface is not allowed to lie in the surface number range "j" to "k". The "PIKUP THOAL" is resolved ( i.e., value is actually assigned) each time the LENS input or UPDATE LENS levels are exited using the "EOS" or "END" command. Checking is performed to determine if PIKUP and/or solve conflicts exist. Error messages are automatically displayed if disallowed combinations of PIKUP THOAL, PIKUP TH and solves are attempted. The usual error is an attempt to pick up from a following surface when the picked-up parameter is defined indirectly in terms of other PIKUPs or solves. As before, nested PIKUPs are not allowed. 

The PIKUP'd up surface thickness value (the eventual surface thickness value after "EOS" or "END") is set equal to the sum of the axial thicknesses from surface "j" to surface "k" multiplied by the multiplicative constant "a" and then increased by the additive constant "b". "a" is the user-supplied multiplicative constant and "b" is the user-supplied additive constant. The defaults for "a" and "b" are 1.0 and 0.0, respectively. PIKUPs are alway kept properly "up to date", even during tolerancing and optimization. The "cfflag" is normally left blank. If "cfflag" is left blank, then the source value for the pikup will be data from the current lens configuration. If "cfflag" is not left blank, then the source value for the pikup will be data from lens configuration #1, otherwise known as the main configuration. Unlike the single surface pikup commands, there is no special pickup option available for use with the "PIKUP THAOL" command. All PIKUPs take precedence over optimization and tolerance variable definitions. If there is a conflict, the variable definition is disallowed or deleted.

PIKUP DELETIONStc "PIKUP DELETIONS" \l 4 \f A
PIKD (optional parameter name) , i , jxe "PIKD (Command)[LENS]" - The "PIKD" xe "Deleting PIKUPs"command, issued with no optional pikup parameter name, deletes all existing PIKUP definitions from the designated current or designated surface. If an optional pikup parameter name from the list of pikup types is entered, then only that PIKUP is deleted. "PIKD" deletes all PIKUPs from a surface whereas "PIKD RD" deletes the radius PIKUP if one exists. If "i" and "j" are both explicitly entered, then the command acts on surfaces "i" through "j", inclusively. This command is valid at the UPDATE LENS level.

CMD LEVEL LINKINGtc "CMD LEVEL LINKING" \l 4 \f A - xe "Surface LINKS"The "LINK" command provides a way of assigning PIKUPS from the CMD level. It is a shortcut method and produces exactly the same result as if the UPDATE LENS level was entered and a traditional PIKUP was assigned. The "LINK" command syntax is:

LINK (parameter name) , i , j , a , b xe "LINK (Command)[CMD]" - "i" is the target surface number to which the PIKUP is assigned. "j" is the source surface number from which the PIKUP receives its reference data. "a" and "b" are the multiplicative and additive constants. The "cfflag" parameter of the "PIKUP" command is not supported in the "LINK" command.

LINKD (parameter name) , i , jxe "LINK (Command)[CMD]"The "LINKD" xe "Deleting LINKs"command, issued with no optional pikup parameter name, deletes all existing PIKUP definitions from surface "i". It is the CMD level equivalent of the UPDATE LENS command "PIKD". If an optional pikup parameter name from the list of pikup types is entered, then only that PIKUP is deleted. "LINKD" deletes all PIKUPs from a surface whereas "LINKD RD" deletes the radius PIKUP if one exists. If "i" and "j" are both explicitly entered, then the command acts on surfaces "i" through "j", inclusively. xe "Surface TLINKS"The "TLINK command provides a way of assigning one time LINK without PIKUPS from the CMD level. It is exactly the same as issuing a "LINK"  command followed immediately by a "LINKD" command.

TLINK (parameter name) , i , j , a , b xe "TLINK (Command)[CMD]" - "i" is the target surface number upon which the "TLINK" operates. "j" is the source surface number from which the one time link receives its reference data. "a" and "b" are the multiplicative and additive constants.

SURFACE NORMALStc "SURFACE NORMALS" \l 4 \f A - The surface normal definition is: If the surface curvature "c" is positive, the surface normal vector is taken as the inner normal. If the curvature "c" is negative, the surface normal vector is taken as the outer normal. At the surface vertex, the surface normal is along the local positive Z-axis. The above definition of surface normals is always used.

BEAM FOOTPRINT CONTROLStc "FOOTPRINT CONTROLS" \l 4 \f A  - In some very special cases during the generation of beam footprint plotting (see the GRAPHICS section of this manual) it may be desired that the "APE" qualifier word of the "FOOT" command not be used but at the same time it is still desired that surfaces additional to the reference surface be used to control the shape of the beam. In these very special cases, the surfaces which are to be used to control beam shape can be set as foot print blocking surfaces with the LENS INPUT and LENS UPDATE command "FOOTBLOK". There are two xe "footprint controls"different "FOOTBLOK" surface settings available in the program, "YES"/"ON" and "NO"/"OFF". The default setting is "NO"/"OFF".

"FOOTBLOK" was originally only supposed to work in beam footprint ray tracing. It became necessary to be able to selectively shut "off" regular ray aperture and obscuration checking during normal ray tracing when "RAY CAOB" was either issued by the user or by some internal program operation. So now, if "FOOTBLOK" is set to "ON" on a surface and "RAY CAOB" is issued, no aperture or obscuration checking will be done at that surface. This is a case of a double positive equaling a negatuve.

FOOTBLOK ("YES/ON" or "NO/OFF") xe "FOOTBLOK (Command)[LENS]" - The "FOOTBLOK" command establishes the nature of the footprint blocking status of a surface. The footprint blocking setting should only be set to "YES"/"ON" when it is desired to shape a beam with clear apertures and obscuration on surfaces additional to the reference surface and then to show that the shaped beam walks off the surface at which the beam foot print is plotted.

SPECIFIC GRAVITYtc "SPECIFIC GRAVITY" \l 4 \f A
SPGR , spgrxe "SPGR (Command)[LENS]"At the LENS, and UPDATE LENS levels, the "SPGR" xe "Specifying material specific gravity"command is used to enter the specific gravity, in grams/cc, of the lens material at the current surface. The default value for the specific gravity is 0.0. If the "SPGR" command is issued followed only by a "?", the current value of the "SPGR" setting will be displayed. The "SPGR" command is valid at both the LENS input and the UPDATE LENS levels.

PRICE PER Kg tc "PRICE per Kg" \l 4 \f A
PRICE , pricexe "PRICE (Command)[LENS]" - At the LENS, and UPDATE LENS levels, the "PRICE" xe "Specifying material prices"command is used to enter the price, in price units/Kg, of the lens or mirror material at the current surface. The default value for the price is 0.0. If the "PRICE" command is issued followed only by a "?", the current value of the "PRICE" setting will be displayed. The "PRICE" command is valid at both the LENS input and the UPDATE LENS levels.

SURFACE INTERSECTION POINTS - The xe "Surface intersection points"intersection points of a ray with a surface are distinguished by the fact that at one intersection point, the angle of incidence (angle between ray vector and surface normal vector) is always less than 90 degrees in magnitude, and at the other, the angle is always greater than 90 degrees. The intersection point at which the angle of incidence is less than 90 degrees in magnitude will be called the "first intersection" point.  The intersection point at which the angle of incidence is greater than 90 degrees in magnitude will be called the "second  intersection" point.

SELECTION OF INTERSECTION POINTS AND "RAY TRAVEL DIRECTION" - he direction of travel of the ray in the local coordinate system determines the standard intersection point. If the ray is traveling in a media which has a positive refractive index, the ray is considered to be traveling in the "positive" direction. If the ray is traveling in a media which has a negative refractive index, the ray direction is considered to be traveling in the "negative" direction.

APERTURE STOP AND REFERENCE SURFACEtc "APERTURE STOP AND REFERENCE SURFACE" \l 4 \f A
THE APERTURE STOPtc "APERTURE STOP " \l 4 \f A - The aperture stopxe "The Aperture Spot surface" of a lens system is defined to be that surface at which the paraxial chief ray (in both YZ and XZ-planes) has a height of zero. The paraxial chief ray will be automatically aimed so that this condition is always met (except when the "telecentric" option is being used). The paraxial raytrace ignores all decentrations, tilts, conic constants, aspheric deformations and special surface data. 

THE PARAXIAL ENTRANCE PUPILtc "ENTRANCE PUPIL" \l 4 \f A - The paraxial entrance pupilxe "The paraxial entrance pupil" of a lens system is defined to be the paraxial image of the aperture stop as seen from the object surface. This image is formed by all optical elements which lie between the aperture stop and the object surface. 

THE PARAXIAL EXIT PUPILtc "EXIT PUPIL" \l 4 \f A - The paraxial exit pupilxe "The paraxial exit pupil" of a lens system is defined to be the paraxial image of the aperture stop as seen from the image surface. This image is formed by all optical elements which lie between the aperture stop and the image surface. 

THE REFERENCE SURFACEtc " REFERENCE SURFACE" \l 4 \f A - xe "reference surface"The reference surface of a lens is defined to be that surface at which all real trigonometric chief rays will have a height of zero. All real trigonometric chief rays will be automatically aimed so that this condition is always met (except when the "telecentric" option is on). The real chief ray zero height target is defined to be located at the surface vertex if the surface has no clear aperture assigned, and it is located at the center of the clear aperture if a clear aperture is assigned. Decentering and tilting a clear aperture causes the chief ray aiming point to move with respect to the surface vertex. The real trigonometric raytrace considers all parameters in the lens database, the alternate configuration database and the special surface database. The aperture stop and the reference surface may be defined on the same surface or on different surfaces as suits the needs of the designer. In most cases, they should be placed on the same surface. The height of the paraxial chief ray at surface 1, adjusted by any tilts and decentration on surface 1, is used as the first aiming point in the iterative, real chief ray aiming process.

ASTOP (qualifier) xe "ASTOP (Command)[LENS]"The "ASTOP" command defines the surface to which it is applied to be the aperture stop for the lens system. The "qualifier word" is used to designate whether or not paraxial entrance and paraxial exit pupil position adjustments are to be performed. If the "ASTOP" command is issued followed only by a "?", the current aperture stop surface number and adjustment conditions will be displayed. This command is valid at both the LENS input and the UPDATE LENS levels. When a paraxial entrance pupil position adjustment is made (qualifier word EN or ENEX), the axial thicknesses of the object surface and surface number 1 are adjusted such that the overall length from the object surface to surface number 2 remains unchanged while, at the same time, surface number 1 is relocated to the position of the system paraxial entrance pupil. When a paraxial exit pupil position adjustment is made (qualifier word EX or ENEX), the axial thicknesses of the (image surface number - 1) surface and the (image surface number -2) surface are adjusted so that the overall length from the (image surface number - 2) surface to the image surface remains unchanged while, at the same time, the (image surface number -1) surface is relocated to the position of the system paraxial exit pupil.

	"ASTOP" qualifier
	ACTION TAKEN

	(no qualifier)
	no paraxial pupil position adjustments are made

	EN
	paraxial entrance pupil position adjustment

	EX
	paraxial exit pupil position adjustment

	ENEX
	adjust both paraxial pupil positions


The entrance and exit pupil positions are determined from paraxial raytrace data in the YZ-plane.

REFS , ( xe "REFS (Command)[LENS]" - The "REFS" command defines the surface to which it is assigned as the lens system reference surface. The reference surface orientation angle "(", which is measured positive in degrees from the reference surface local X-axis to the reference surface local Y-axis in a right-handed sense, is used to rotate the reference surface ray aiming point in the reference surface when there is either no clear aperture assigned to the reference surface or when the clear aperture assigned to the reference surface has no decentrations and/or tilts associated with it. The default reference surface number is "1". If the "REFS" command is issued followed only by a "?", the current reference surface number and orientation will be displayed. This command is valid at both the LENS input and the UPDATE LENS levels. If issued from the CMD level, the current reference surface number will be displayed.

SURFACE LABELStc "SURFACE LABELS" \l 4 \f A
LABEL , (alphanumeric string) xe "LABEL (Command)[LENS]" or LBL , (alphanumeric string) xe "LBL (Command)[LENS]" - The xe "Surface Labels""LABEL" or "LBL" command allows for the definition of a lens surface label of up to 79 alphanumeric characters which will be attached to the current surface and stored with the current lens. This command is valid at both the LENS input and the UPDATE LENS levels.

INR ASSIGNMENTStc "INR ASSIGNMENTS" \l 4 \f A
INR , inr xe "INR (Command)[LENS]" - The "INR" command is used to assign a xe "Assigning a surface radius with INR"reference radius (semi-diameter) value to a surface. This value will be used whenever special surface TYPE 9 or TYPE 10 Zernike polynomial phase surface data is assigned to the surface at the SPSRF or UPDATE SPSRF program level. The "inr" value is used to provide normalization to a unit radius for the Zernike polynomials. If the "INR" command is issued followed only by a "?", the current "inr" value will be displayed. This command is valid at both the LENS input and the UPDATE LENS levels. If no explicit "inr" value is assigned, then the default "inr" value will be:

1. The sum of the absolute values of the x-clear aperture value and the x-clear aperture offset or the sum of the absolute values of the y-clear aperture value and the y-clear aperture offset, whichever sum is larger (if clear apertures are assigned to the surface) ,

2. The sum of the absolute values of the "PX" and "PCX" paraxial ray values at the surface or the sum of the absolute values of the "PY" and "PCY" values at the surface, whichever sum is larger (if no clear apertures are assigned to the surface). 

INRD , i , j xe "INRD (Command)[LENS]" - The "INRD" command xe "Deleting explicit INR entries"deletes an explicit "inr" assignment on the current surface. If "i" and "j" are both explicitly entered, then the command acts on surfaces "i" through "j", inclusively. The "lens pointer" is not modified by this command. This command is valid at the UPDATE LENS level.

DUMMY SURFACEStc "DUMMY SURFACES" \l 4 \f A  - A dummy surface is usually defined as a surface which has the same optical material in front of it and behind it. In some cases, plotted rays will not be shown going to and from dummy surfaces if the rays are "virtual". Virtual rays are defined in the GRAPHICS section of this manual. Virtual rays can be turned "on" (see GRAPHICS) but then all virtual rays are shown and that can get messy. A virtual ray will be drawn to and from a dummy surface if an explicit clear aperture has been assigned to that dummy surface. If a virtual ray needs to be drawn to and from a dummy surface and a clear aperture can not be assigned to that dummy surface due to other design or analysis considerations, the surface may be "forced" to not be considered a dummy surface by using the following command:

NODUM ("YES/ON" or "NO/OFF") xe "NODUM (Command)[LENS]" - The "NODUM" command establishes a surface as "not a dummy" if the qualifier words "YES" or "ON" are used with it. The qualifier words "NO" or "OFF" are used to cancel a NODUM YES or NODUM ON assignment. The "NODUM" status is remembered in the lens database and may be displayed using the "DUMOUT" command .

OPTICAL MATERIALS COMMANDStc "OPTICAL MATERIALS COMMANDS" \l 4 \f A
AIRxe "AIR (Command)[LENS]" - The "AIR" xe "Specifying optical materials"commandxe "AIR" specifies that the material following the current surface will be AIR having a refractive index of 1.0. At the LENS input level, this command also advances the surface counter by "1". Any surface dependent input following an "AIR" command will be associated with the next surface. Entry of multiple "AIR" commands at the LENS input level causes multiple plano "dummy" surfaces to be entered. This command is valid at both the LENS input and the UPDATE LENS levels. "AIR" may also be entered as "GLASS AIR".

REFLxe "REFL (Command)[LENS]" - The "REFL" xe "REFL, specifying a mirror"command specifies that the current surface is a mirror surface. The refractive indices of the material following this surface will be of the same magnitude but opposite in sign to the refractive indices of the material preceding it. At the LENS input level, this command also advances the surface counter by "1". Any surface dependent input following an "REFL" command will be associated with the next surface. Entry of multiple "REFL" commands at the LENS input level causes multiple plano mirror surfaces to be entered. This command is valid at both the LENS input and the UPDATE LENS levels. "REFL" may also be entered as "GLASS REFL".

REFLTIROxe "REFLTIRO (Command)[LENS]" - The "REFLTIRO" xe "REFLTIRO, specifying a mirror"command specifies that the current surface is a mirror surface if and only if a total internal reflection condition exists for the current ray. The refractive index of the material into which the ray would refract, should TIR not exist, is always assumed to be 1.0. If TIR can not occur for a ray, then the ray fails. At the LENS input level, this command also advances the surface counter by "1". Any surface dependent input following an "REFLTIRO" command will be associated with the next surface. Entry of multiple "REFLTIRO" commands at the LENS input level causes multiple plano mirror surfaces to be entered. This command is valid at both the LENS input and the UPDATE LENS levels. "REFLTIRO" may also be entered as "GLASS REFLTIRO".

MYGLASS (glass name) , n1 , n2 , n3 , n4 , n5xe "MYGLASS (Command)[LENS]" - The "MYGLASS" command xe "Glass input by refractive index data"

xe "GLASS"specifies that the material following the current surface will be made of material "glass name". The refractive indices of this material will be "n1", "n2", "n3", "n4" and "n5" corresponding to the first five program wavelengths. If any of these five numeric values is missing, that refractive index will be set to 1.0. At the LENS input level, this command also advances the surface counter by "1". Any surface dependent input following a "MODEL" command will be associated with the next surface. Entry of multiple glass input commands at the LENS input level causes multiple plano surfaces to be entered. Each of those surfaces will have material type "glass name" in the space following it. When the "MYGLASS" command is used to specify the material type at a particular surface, no refractive index interpolation is performed for that surface if wavelength values are changed!

N1 , nxe "N1 (Command)[LENS]" through N10 , nxe "N10 (Command)[LENS]" - At the UPDATE LENS level, xe "Specifying individual refractive indicess"the "N1" through "N10" commands specify that if the current surface material was defined using the "MYGLASS" command, then the refractive index for wavelengths 1, to 10 will be set to the specified value. At the LENS INPUT level, the "N1" through "N10" commands specify that if the previous surface material was defined using the "MYGLASS" command, then the refractive index for wavelengths 1, to 10 will be set to the specified value. A surface's material type must be explicitly defined by a "MYGLASS" command before the refractive indices may be changed using the "N1" through "N10" commands.

(Catalog Name)  (Glass Name or Glass Number) xe "Catalog Name (Command)[LENS]" - This command xe "Specifying glass catalog materials"specifies that the material following the current surface will be made of material "Glass Name" whose refractive index wavelength interpolation coefficients are stored in the glass catalog and is named "Catalog Name". Refractive indices will be calculated for each wavelength. The program will determine if these indices are to have positive or negative signs depending on the presence of mirrors on other lens surfaces. At the LENS input level, this command also advances the surface counter by "1". Any surface dependent input following this command will be associated with the next surface. Entry of multiple commands of this form at the LENS input level causes multiple plano surfaces to be entered. Each of those surfaces will have material type "Glass Catalog" "Glass Name" in the space following it. This command is valid at both the LENS input and the UPDATE LENS levels. This command is the only exception to the rule that a qualifier word may only have eight alphanumeric characters. "Glass Name" can have up to 13 alphanumeric characters since some catalog glasses have 13 character glass names. If, during optimization, refractive indices are varied as part of the optimization process, glasses defined with this command will be permanently converted to glasses defined by the "MYGLASS" command. Only surfaces whose refractive indices are defined with the "MYGLASS" command may have their refractive indices varied during optimization. The following table lists valid glass catalog names, types of material stored and wavelength regions:

	Valid Glass Catalog Name
	Type of Material Stored
	Wavelength Band

	SCHOTTxe "SCHOTT"
	Schott Optical Glasses
	0.3126 ( - 2.3254 (

	SCH2000xe "SCH2000"
	Schott Optical Glasses (Post 2000)
	0.3126 ( - 2.3254 (

	HOYAxe "HOYA"
	Hoya Optical Glasses
	0.365 ( - 1.1 (

	HIKARI
	Hikari Optical Glasses

NOTE: For Lead and Arsenic free glasses, enter the 6-digit glass code instead of the glass name.
	0.365 ( - 1.1 (

	OHARAxe "OHARA"
	Ohara Optical Glasses 

(except I-LINE glasses)
	0.365 ( - 1.1 ( for glasses using the Schott Formula

or

0.3126 ( - 2.3254 ( for glasses using the Sellmeier Formula

	OHARA
	Ohara I-LINE glasses
	0.250 ( - 1.1 (

	CHANCExe "CHANCE"
	Chance-Pilkington Optical Glasses
	0.365 ( - 1.1 (

	CORNINxe "CORNIN"
	Corning-France Optical Glasses
	0.365 ( - 1.1 (

	RUSSIAN
	SOVOPTIKS Glasses
	0.3126 ( - 2.3254 (

	RADHARDxe "RADHARD"
	Assorted radiation hard glasses
	varies with material

	USERxe "USER"
	User Defined Glass Catalog
	All (NO RESTRICTIONS)

	MATLxe "MATL"
	Assorted IR, UV, and VIS materials
	varies with material

	GLCATxe "GLCAT" or GLASSxe "GLASS"
	Schott,Schott(Post-2000), Hoya, Ohara, Corning-France,

Chance-Pilkington, SOVOPTIKS, USER and then MATL specified by glass name or glass number only. After the glass is found, the manufacturer/catalog name replaces the word GLCAT or GLASS in the lens database. This is used when the manufacturer/catalog name is initially unknown.
	varies with limits on specific glass catalog referenced

(see above list)


RUSSIAN GLASS NAMEStc "RUSSIAN GLASS NAMES" \l 4 \f A
xe "RUSSIAN GLASS NAMES"The following table list equivalent english alphabet names for the glasses in the Russian glass catalog (SOVOPTIKS USA, ,1983):

	Description
	English Designation
	Russian Designation

	Light Crown
	LK
	ЛК

	Phosphate Crown
	FK
	ФК

	Dense Phosphate Crown
	TFK
	ТФК

	Crown
	K
	К

	Barium Crown
	BK
	ЬК

	Extra Dense Crown
	STK
	СТК

	Special Crown
	OK
	ОК

	Crown Flint
	KF
	КФ

	Barium Flint
	BF
	ЬФ

	Dense Barium Flint
	TBF
	ТЬФ

	Light Flint
	LF
	ЛФ

	Flint
	F
	Ф

	Dense Flint
	TF
	ТФ

	Special Flint
	OF
	ОФ

	Dense Crown
	TK
	ТК


USER-DEFINED GLASS CATALOGtc "USER-DEFINED GLASS CATALOG" \l 4 \f A - The xe "The user-defined glass catalog"user-defined glass catalog, which is referenced by catalog name "USER", is stored in the ASCII file "USER.DAT". It is stored in the same directory into which the main program was installed and from which the main program runs. It is an ASCII file whose entries are free format and are expected to be of the form:

GLASS_NAME , A0 , A1 , A2 , A3 , A4 , A5 xe "GLASS NAME (Command)[LENS]" "GLASS NAME" is a one to thirteen character, user-defined glass name, and A0 through A5 are the six interpolation coefficients used with the following equation:

[image: image27.wmf]n

A

+

A

+

A

A

+

A

+

A

2

0

1

2

3

-4

4

-6

5

=

*

*

+

*

*

*

-

-

l

l

l

l

l

2

2

8


All input in the file USER.DAT should be separated by spaces or commas. If the user only has a table of index versus wavelength, then SPFIT routines (see the SPFIT section of this manual) may be used to determine the coefficients. A sample "USER.DAT" exists in the main program directory.  ( is always assumed to be represented in microns. An example of fitting index data and automatic assigning the fitting coefficients to a new user-defined glass type is given in the SPFIT section of the manual.

MODEL GLASSEStc "MODEL GLASSES" \l 4 \f A - Refractive index values may always be varied during optimization when a surface's glass type is specified with the "MYGLASS" command. When this is done, it is the responsibility of the designer to build constraints into the merit function which keep the glass from becoming an unrealistic material. This makes for maximum program flexibility but requires much from the designer. The "MODEL" command makes the process of varying glasses during optimization a much simpler.

MODEL (user supplied name) , Nd , Vd , (Partial Dispersion xe "MODEL (Command)[LENS]" - The "MODEL" command is used to specify a glass in terms of its refractive index at the Fraunhoffer "d" line (0.5875618 micron) and its Abbe-number Vd. After the user specifies these two values, the program automatically determines the refractive index values at all other wavelengths by assuming that the glass is on the "normal" partial dispersion line defined by the two Schott glasses K7 and F2. If the user wishes to have this glass shifted "off" the "normal" dispersion line, then a partial dispersion shift value should be entered as the third numeric word. The partial dispersion shift is assumed to be constant across the entire wavelength band in the lens database. The "Nd" , "Vd" and  "(Partial Dispersion" (also called "DPART") can be used as optimization and tolerance variables. They are also included in the "GET" list and the lists of pre-defined operands.

INDEX , ndxe "INDEX (Command)[LENS]" - The "INDEX" command is used to specify or change the refractive index "nd" for a glass which was specified previously using the "MODEL" command.

VNUM , Vdxe "VNUM (Command)[LENS]" - The "VNUM" command is used to specify or change the Abbe-number "Vd" for a glass which was specified previously using the "MODEL" command.

DPARTL , (Partial Dispersionxe "DPARTL (Command)[LENS]" - The "DPARTL" command is used to specify or change the partial dispersion shift value used with a model glass.

CMD LEVEL GLASS COMMANDStc "CMD LEVEL GLASS COMMANDS" \l 4 \f A
FINDING REAL GLASSEStc "FINDING REAL GLASSES" \l 4 \f A - After optimization, it is usually necessary to replace the "MODEL" glass with a real glass. This is done with the help of the following CMD level command:

FINDGLASS (catalog name or ALL) , i , n xe "FINDGLASS (Command)[LENS]" - The "FINDGLASS" command, issued at the CMD program level, searches the SCHOTT, SCH2000, OHARA, HOYA, CHANCE PILKINGTON, CORNING FRANCE, and/or HIKARI glass catalogs for the closest "n" glasses to the MODEL glass on surface "i" and displays them. The valid qualifier words are: "SCHOTT", "SCH2000", "HOYA", "OHARA", "CORNIN", "CHANCE", "HIKARI" or "ALL" (to search all the catalogs).
TOMODEL i xe "TOMODEL (Command)[LENS]" - The "TOMODEL" command converts any glass in the SCHOTT, "SCH2000", OHARA, HOYA, CHANCE PILKINGTON, CORNING FRANCE, HIKARI, RUSSIAN and RADHARD glass catalogs into a MODEL glass with the correct values of Nd , Vd , (Partial Dispersion. “I” is the surface number.

SURFACE COATINGStc "SURFACE COATINGS" \l 4 \f A
COATING , nxe "COATING (Command)[LENS]" - The "COATING" xe "Specifying surface coatings"commandxe "COATING" specifies that the surface coating data designated by coating file number "n" will be associated with the current surface. This command is valid at both the LENS input and the UPDATE LENS levels. Surface coating data is stored in the files COAT0001.DAT THROUGH COAT1000.DAT (file numbers 1 to 1000) which are ASCII files stored in the main program directory.  The default coating is an uncoated surface with no losses.

SURFACE COATING DATABASEtc "SURFACE COATING DATABASE" \l 2 \f A - The SURFACE COATING database consists of user-generated ASCII files COAT0001.DAT through COAT1000.DAT. These files hold the complete description of all the types of single and multi-layer coatings available for use in the program. Up to 1000 individual coating files may be defined and redefined by the user.

NATURE OF THE COATING DESCRIPTIONStc "NATURE OF THE COATING DESCRIPTIONS" \l 2 \f A - Unlike most other optical design and analysis codes, the program contains a flexible syntax for describing optical surface coatings in many different ways. Each coating definition consists of a series data lines in an ASCII file which describe the type of coating and its characteristics. All coatings are prepared ahead of time by the user using any text editor. The syntax of every coating definition file begins with the header line which contains a single integer that specifies the coating type.  The program currently has 4 coating types availabe. Any of these 4 coating types may be used in any of the 1000 different coating database files.

COATING TYPEStc "COATING NUMBERS AND TYPES" \l 2 \f A - Valid coating types are defined below. Coatings are used for energy throughput calculations when surface coating dependent ray trace options are in are in effect. When performing polarization type calculations, only type 1 (no effect on ploarization) or type 4 coatings will be used.

COATING TYPE 1tc "COATING TYPE 1" \l 2 \f A – No coating and no coating losses. Transmissions and reflections are 100% efficient. This is the program default and requires no coating definition file. If this type of coating is to be explicitly set in a coating definition file, only one entry, the coating type number 1 is needed as shown below:

1

ABSORB 

(ABSORPTION COEFFICIENT FOR WAVELENGTH  1)

(ABSORPTION COEFFICIENT FOR WAVELENGTH  2) 

(ABSORPTION COEFFICIENT FOR WAVELENGTH  3)

(ABSORPTION COEFFICIENT FOR WAVELENGTH  4)

(ABSORPTION COEFFICIENT FOR WAVELENGTH  5)

(ABSORPTION COEFFICIENT FOR WAVELENGTH  6)

(ABSORPTION COEFFICIENT FOR WAVELENGTH  7)

(ABSORPTION COEFFICIENT FOR WAVELENGTH  8)

(ABSORPTION COEFFICIENT FOR WAVELENGTH  9)

(ABSORPTION COEFFICIENT FOR WAVELENGTH 10)

"ABSORB" is an optional entry. If used it may be followed by up to 10 entries which are interpreted as the absorption coefficients at the 10 program wavelengths. The absorbtion coefficients are interpreted as belonging to the material into which the ray advances after interacting with the surface to which the coating is attached. Defaults and missing values are assumed to be zero. The ray energy is reduced by the factor:
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where RPL is the ray path length in the absorbing material and COEF is the absorbtion coefficient. The user is responsible for using a COEF value that is correct for the current lens units (INCH, MM, CM or METER).

COATING TYPE 2tc "COATING TYPE 2" \l 2 \f A - Coating type 2 is an uncoated surface with Fresnel losses. Uncoated transmissive surfaces exhibit simple Fresnel reflection losses. Reflections will experience no energy loss. A coating file used to define a type 2 coating has only one entry as shown below:

2

ABSORB 

(ABSORPTION COEFFICIENT FOR WAVELENGTH  1)

(ABSORPTION COEFFICIENT FOR WAVELENGTH  2) 

(ABSORPTION COEFFICIENT FOR WAVELENGTH  3)

(ABSORPTION COEFFICIENT FOR WAVELENGTH  4)

(ABSORPTION COEFFICIENT FOR WAVELENGTH  5)

(ABSORPTION COEFFICIENT FOR WAVELENGTH  6)

(ABSORPTION COEFFICIENT FOR WAVELENGTH  7)

(ABSORPTION COEFFICIENT FOR WAVELENGTH  8)

(ABSORPTION COEFFICIENT FOR WAVELENGTH  9)

(ABSORPTION COEFFICIENT FOR WAVELENGTH 10)

"ABSORB" is an optional entry. If used it may be followed by up to 10 entries which are interpreted as the absorption coefficients at the 10 program wavelengths. The absorbtion coefficients are interpreted as belonging to the material into which the ray advances after interacting with the surface to which the coating is attached. Defaults and missing values are assumed to be zero. The ray energy is reduced by the factor:
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where RPL is the ray path length in the absorbing material and COEF is the absorbtion coefficient. The user is responsible for using a COEF value that is correct for the current lens units (INCH, MM, CM or METER).

COATING TYPE 3tc "COATING TYPE 3" \l 2 \f A - Coating type 3 is a simple "e"% efficient coating where the default value for "e" is 100%. If a "TIR" condition is found, perfect 100% reflection will always occur. If reflection occurs at a surface with a type 3 coating (other than case of TIR), the reflectivity will be assumed to be "e"%. The file entry for this specific coating, if the efficienct were to be 85% is:

3

85

ABSORB 

(ABSORPTION COEFFICIENT FOR WAVELENGTH  1)

(ABSORPTION COEFFICIENT FOR WAVELENGTH  2) 

(ABSORPTION COEFFICIENT FOR WAVELENGTH  3)

(ABSORPTION COEFFICIENT FOR WAVELENGTH  4)

(ABSORPTION COEFFICIENT FOR WAVELENGTH  5)

(ABSORPTION COEFFICIENT FOR WAVELENGTH  6)

(ABSORPTION COEFFICIENT FOR WAVELENGTH  7)

(ABSORPTION COEFFICIENT FOR WAVELENGTH  8)

(ABSORPTION COEFFICIENT FOR WAVELENGTH  9)

(ABSORPTION COEFFICIENT FOR WAVELENGTH 10)

"ABSORB" is an optional entry. If used it may be followed by up to 10 entries which are interpreted as the absorption coefficients at the 10 program wavelengths. The absorbtion coefficients are interpreted as belonging to the material into which the ray advances after interacting with the surface to which the coating is attached. Defaults and missing values are assumed to be zero. The ray energy is reduced by the factor:
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where RPL is the ray path length in the absorbing material and COEF is the absorbtion coefficient. The user is responsible for using a COEF value that is correct for the current lens units (INCH, MM, CM or METER).

COATING TYPE 4 tc "COATING TYPE 4" \l 2 \f A- Coating type 4 is  the program general coating type. The first line in the coating file must be a 4. The next N lines in the file comprise the user-supplied data for each of the N-layers of the coating. Each line starting at line 2 consists of a user supplied material name (up to 13 characters) followed by 10 real and then 10 imaginary refractive index values and then the layer thickness in microns. In multiple layer coatings, the first layer is the layer farthest from the substrait. As in regular program input, nested commas represent default values which are 1.0 for the real part and 0.0 for the imaginary part of the complex refractive index. As an example, a type 4 coating defined in the ASCII coating file COAT0025.DAT and consisting of a single layer of MGF2 with a complex refractive index at wavelength #1 of (1.38,0.0) and having a thickness of 0.34 microns would be defined using the following two lines in file COAT0025.DAT. 

4

MGF2,1.38, , , , , , , , , ,0.0, , , , , , , , , ,0.34

ABSORB 

(ABSORPTION COEFFICIENT FOR WAVELENGTH  1)

(ABSORPTION COEFFICIENT FOR WAVELENGTH  2) 

(ABSORPTION COEFFICIENT FOR WAVELENGTH  3)

(ABSORPTION COEFFICIENT FOR WAVELENGTH  4)

(ABSORPTION COEFFICIENT FOR WAVELENGTH  5)

(ABSORPTION COEFFICIENT FOR WAVELENGTH  6)

(ABSORPTION COEFFICIENT FOR WAVELENGTH  7)

(ABSORPTION COEFFICIENT FOR WAVELENGTH  8)

(ABSORPTION COEFFICIENT FOR WAVELENGTH  9)

(ABSORPTION COEFFICIENT FOR WAVELENGTH 10)

"ABSORB" is an optional entry. If used it may be followed by up to 10 entries which are interpreted as the absorption coefficients at the 10 program wavelengths. The absorbtion coefficients are interpreted as belonging to the material into which the ray advances after interacting with the surface to which the coating is attached. Defaults and missing values are assumed to be zero. The ray energy is reduced by the factor:
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where RPL is the ray path length in the absorbing material and COEF is the absorbtion coefficient. The user is responsible for using a COEF value that is correct for the current lens units (INCH, MM, CM or METER).

THE PERFECT LENStc "THE PERFECT LENS" \l 4 \f A
PERFECTxe "PERFECT (Command)[LENS]" - The "PERFECT" xe "The PERFECT lens"command specifies that a surface is to be considered as a "PERFECT" paraxial focusing lens. This property can only be assigned to the surface immediately in front of the final surface of the lens. This PERFECT lens will have a focal length equal to the thickness assigned to it by either the "TH" or "PY" commands. No aberrations are added to the system with this surface. It is used to simulate a focal system when designing afocal systems when it is desired not to use the MODE AFOCAL or MODE UAFOCAL settings in this program. The "PERFECT" command is only recommended when it is desired to simulate the "PERFECT" lens constructs of the other optical design programs which do not support true afocal design and analysis capability.

THE IDEAL LENStc "THE IDEAL LENS" \l 4 \f A
IDEAL, eflxe "IDEAL (Command)[LENS]" - The "IDEAL" xe "The IDEAL lens"command specifies that a surface is to be considered as an "IDEAL" paraxial focusing lens. This property can only be assigned to the surface immediately in front of the final surface of the lens. This IDEAL lens will have a focal length equal to the assigned "efl" value. The axial distance from this "IDEAL" lens to the final surface may be set explicitly, may be set with a "PY" or "PX" solve or may be set during optimization. No aberrations are added to the system with this surface. It is used to simulate a focal system when designing afocal systems when it is desired not to use the MODE AFOCAL or MODE UAFOCAL settings in this program and when the "imput" to the "IDEAL" lens is not from an infinite conjugate position. The "IDEAL" command is only recommended when it is desired to simulate the "IDEAL" lens constructs of the other optical design programs which do not support true afocal design and analysis capability.

DIFFRACTION GRATINGStc "DIFFRACTION GRATINGS" \l 4 \f A - xe "diffraction gratings"Linear diffraction gratings may be placed on plano, spherical, conic, aspheric and anamorphic aspheric surfaces. The grating lines are formed by the intersection of a set of evenly spaced "generating planes" with the current optical surface. These grating surfaces may also be defined as Type-12 HOE special surfaces and in doing so, compound interlaced gratings may be modeled. During lens scaling, none of the grating parameters are scaled. Diffraction gratings are implemented using the following diffraction grating definition commands:

GRT xe "GRT (Command)[LENS]" - The "GRT" command is used to specify that the current surface is to be understood to be a linear linear diffraction grating.

GRO , orderxe "GRO (Command)[LENS]" - The "GRO" command is used to specify or change the order of the diffration grating. A positive order will deflect the ray in the positive X, Y and/or Z direction. "order" need not be an integer though it usually is. (Default value = 0.0)

GRS , spacingxe "GRS (Command)[LENS]" - The "GRS" command is used to specify or change line spacing (in lens units) of the diffration grating. (Default value = 0.0)

GRX , x-grating direction numberxe "GRX (Command)[LENS]" - The "GRX" command is used to specify or change the x-direction number of the grating generating planes. (Default value = 0.0)

GRY , y-grating direction numberxe "GRY (Command)[LENS]" - The "GRY" command is used to specify or change the y-direction number of the grating generating planes. (Default value = 1.0 if the space ahead of the grating has positive refractive indecies and = -1.0 if the space ahead of the grating has negative refractive indecies.)

GRZ , z-grating direction numberxe "GRZ (Command)[LENS]" - The "GRZ" command is used to specify or change the z-direction number of the grating generating planes. (Default value = 0.0)

The linear diffraction grating special surface may be assigned to any plano, spherical, toroidal, conic, aspheric or anamorphic surface and this surface may also have Special Surface definitions assigned to it. The grating can be thought of as being generated by the intersection, with the surface, of a series of parallel planes. The x, y and z-grating direction numbers are used to specify the orientation of the normal to these planes in the local coordinate system of the surface. There are two sets of direction numbers which can be used to specify the orientation of an infinite plane in space (two anti-parallel normal vectors). The choice of one of these normal vectors over the other has the effect of changing the definition of the diffraction orders from the U. S. standard definition to the European standard definition. 

GRTD xe "GRTD (Command)[LENS]" - The "GRTD" command is used to delete all diffraction grating data on the current surface.

For grating lines parallel to the local YZ-plane, x, y and z-grating direction numbers = 1.0, 0.0, 0.0

(U.S. standard definition of diffraction orders) For grating lines parallel to the local XZ-plane, x, y and z-grating direction numbers = 0.0, 1.0, 0.0 (U.S. standard definition of diffraction orders) For grating lines parallel to the local XY-plane, x, y and z-grating direction numbers = 0.0, 0.0, 1.0 (U.S. standard definition of diffraction orders) These definitions assume that the space just previous to the grating has positive refractive indices. If the previous space has negative refractive indices, the signs of the grating direction numbers will need to be reversed or the action of the specified diffraction order will be incorrect.

GRATING EFFICIENCYtc "GRATING EFFICIENCY" \l 4 \f A - The xe "grating efficiency"efficiency of a ruled diffraction grating is automatically computed when ever the "COATINGS" command is set to "COATINGS ON". In this case, the energy in each ray traced is reduced by the efficiency computed with the following equation:
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where: (B is the blaze wavelength (the program uses the current control wavelength for the blaze wavelength), ( is the wavelength for the current ray being traced, A is the grating line spacing in microns, m is the grating order and is assumed to be the order for which the grating is blazed. (o is the angle of incidence for the ray at the grating. This calculation is not meant to replace full diffraction efficiency codes but is meant to give the user a way of estimating system through put in systems with diffraction gratings. This relationship has been computationally verified for metalized, ruled gratings.

CLEAR APERTURE AND OBSCURATION COMMANDStc "CLEAR APERTURE AND OBSCURATIONS COMMANDS" \l 4 \f A - Clear xe "Specifying clear apertures"apertures and obscurations are used to define limits to the extent of an optical surface, generally in directions perpendicular to the local Z-axis at each surface. They play an important role in limiting ray bundles in spot diagrams and in defining diffracting apertures in diffraction-based calculations. Circular, rectangular, elliptical and racetrack shapes may be used in defining these surface limits. All clear aperture and obscuration definitions are centered on the local coordinate systems of their respective surfaces unless explicit aperture/obscuration decentrations and tilts are specified. Besides the commands which allow for explicit clear aperture assignment, there is also an option descibed in the CMD section of this manual which provides for automatic assignment of circular clear apertures based upon limiting ray data. See the command "SETCLAP" in the CMD section for more details.

CLAP , ca , Yd , Xd , (radius to flat) , (z xe "CLAP (Command)[LENS]" - The "CLAP" command specifies that a circular clear aperture is to be assigned to the current surface. The semi-diameter of this clear aperture is to be "ca". It is to be centered at Yd and Xd. All values except (z are specified in lens units relative to the surface local coordinate system centered at the surface vertex. If there are no clear aperture decenter values assigned and if the surface is concave toward air and if an explicit value for the optional "radius to flat" has been entered and if that "radius to flat" value is less than the "ca" value, then the surface will be drawn with a flattened area on it in all graphical representations of the surface. If "(z" has been entered along with the "radius to flat" value, then the flattened area will be drawn with its maximum diameter z-position retarded or advanced by the amount (z. The (z value is useful when one needs to draw an element as it would be manufactured as in one of the inner elements in the Leitz F/2 Summicron camera lens. By default, the optional "radius to flat" is considered to be equal to "ca" and (z is considered to be 0.0. This command is valid at both the LENS input and the UPDATE LENS levels.

CLAP RECT , cay , cax , Yd , Xdxe "CLAP RECT (Command)[LENS]" - The "CLAP RECT" command specifies that a rectangular clear aperture is to be assigned to the current surface. The Y-height of this clear aperture is to be "cay" and the X-height is to be "cax". It is to be centered at Yd and Xd. All four values are specified in lens units relative to the surface local coordinate system centered at the surface vertex. This command is valid at both the LENS input and the UPDATE LENS levels.

CLAP ELIP , cay , cax , Yd , Xdxe "CLAP ELIP (Command)[LENS]" - The "CLAP ELIP" command specifies that an elliptical clear aperture is to be assigned to the current surface. The Y-semi-axis dimension of this clear aperture is to be "cay" and the X-semi-axis dimension is to be "cax". It is to be centered at Yd and Xd. All four values are specified in lens units relative to the surface local coordinate system centered at the surface vertex. This command is valid at both the LENS input and the UPDATE LENS levels.

CLAP RCTK , cay , cax , Yd , Xd , rxe "CLAP RCTK (Command)[LENS]" - The "CLAP RCTK" command specifies that a racetrack clear aperture is to be assigned to the current surface. The Y-height of this clear aperture is to be "cay" and the X-semi-height is to be "cax". It is to be centered at Yd and Xd. The radius of the circles forming the four corners will be "r". All five values are specified in lens units. The first four values are specified relative to the surface local coordinate system centered at the surface vertex. This command is valid at both the LENS input and the UPDATE LENS levels.

CLAP POLY , R , n , Yd , Xd xe "CLAP POLY (Command)[LENS]" - The "CLAP POLY" command specifies that a regular polygon clear aperture is to be assigned to the current surface. The "R" is the distance from the polygon center out to any corner. "n" specifies the number of sides and can be set to from 3 to 200. It is to be centered at Yd and Xd.All "R", "Yd" and "Xd" are specified in lens units. This command is valid at both the LENS input and the UPDATE LENS levels. Until rotated, a polygon apex always points toward the +y local surface axis direction.

CLAP POLY (CONFORMAL or NONCONFORMAL) xe "CLAP POLY (Command)[LENS]" - The "CLAP POLY" command can also be used to specify whether or not the polygon clear aperture is to be understood to lie in the tangent plane of the surface (NONCONFORMAL) or if is to be considered to lie in a tangent plane, tangent to the surface and located at the center of the clear aperture (CONFORMAL). If "CONFORMAL" is set, the polygonal clear aperture will lie "in the surface" rather than in the surface tangent plane at the surface vertex. If the polygonal clear aperture is not decentered or if there are no multiple clear apertures defined, then "CONFORMAL" and "NONCONFORMAL" yield the same results. This command is valid at both the LENS input and the UPDATE LENS levels. 

CLAP IPOLY , file# , n , Yd , Xd , maxr xe "CLAP IPOLY (Command)[LENS]" - The "CLAP IPOLY" command specifies that a irregular polygon clear aperture is to be assigned to the current surface. The "file#" is the number which designates the IPOLYxx.DAT file number which holds from 3 up to a maximum of 200 pairs of x and y coordinated points which defines the irregular. The order of the x, y pairs must be in a counter-clockwise sense when the local surface z-axis is "facing" the observer. "n" specifies the number of sides in the irregular polygon. "maxr" specifies the maximum radial semi-dimension and is used in assigning a bounding square around the irregular polygon for some internal program operations. It is to be centered at Yd and Xd.All "maxr", "Yd" and "Xd" are specified in lens units. This command is valid at both the LENS input and the UPDATE LENS levels. All five numeric words are explicitly required. The IPOLYxx.DAT files are free format. Each line has three values: the pont number, the X-value and the Y-value.

CLAP TILT , ( xe "CLAP TILT (Command)[LENS]" - The "CLAP TILT"  command must follow a "CLAP" type of command. It assigns a rotation of "(" degrees to the existing clear aperture about the center of the clear aperture. This is a rotation of the clear aperture in the local surface XY-plane about an axis which is parallel to the local Z-axis of the surface. This command is valid at both the LENS input and the UPDATE LENS levels.

COBS , obs , Yd , Xdxe "COBS (Command)[LENS]"
COBS RECT , obsy , obsx , Yd , Xdxe "COBS RECT (Command)[LENS]"
COBS ELIP , obsy , obsx , Yd , Xdxe "COBS ELIP (Command)[LENS]"
COBS RCTK , obsy , obsx , Yd , Xd , rxe "COBS RCTK (Command)[LENS]"
COBS POLY , R , n , Yd , Xd xe "COBS POLY (Command)[LENS]"
COBS IPOLY , file# , maxr , Yd , Xd xe "COBS IPOLY (Command)[LENS]"
COBS TILT , ( xe "COBS TILT (Command)[LENS]" - The preceding xe "Specifying obscurations"five commands act exactly as the corresponding clear aperture commands, except that they assign obscuration with semi-diameter, semi-height or semi-axis dimensions of "obs", "obsx" or "obsy".
CLEAR APERTURE AND OBSCURATION ERASES tc "CLEAR APERTURE AND OBSCURATION ERASES" \l 4 \f A
CLEAR APERTURE ERASE  - If a ray falls xe "Clear aperture erases"within the boundary of a clear aperture erase, and if that ray had been blocked by a clear aperture on that surface, the fact that it was blocked by the clear aperture on that surface is then ignored.

OBSCURATION ERASE  - If a ray falls xe "Obscuration erases"within the boundary of a cobs erase, and if that ray had been blocked by an obscuration on that surface, the fact that it was blocked by the obscuration on that surface is then ignored.

CLAP ERASE , ca , Yd , Xdxe "CLAP ERASE (Command)[LENS]"
CLAP RECTE , cay , cax , Yd , Xdxe "CLAP RECTE (Command)[LENS]"
CLAP ELIPE , cay , cax , Yd , Xdxe "CLAP ELIPE (Command)[LENS]"
CLAP RCTKE , cay , cax , Yd , Xd , rxe "CLAP RCTKE (Command)[LENS]"
CLAP POLYE , R , n , Yd , Xd , rxe "CLAP POLYE (Command)[LENS]"
CLAP IPOLYE , R , n , Yd , Xd , rxe "CLAP IPOLYE (Command)[LENS]"
CLAP TILTE , ( xe "CLAP TILTE (Command)[LENS]"
COBS ERASE , obs , Yd , Xdxe "COBS ERASE (Command)[LENS]"
COBS RECTE , obsy , obsx , Yd , Xdxe "COBS RECTE (Command)[LENS]"
COBS ELIPE , obsy , obsx , Yd , Xdxe "COBS ELIPE (Command)[LENS]"
COBS RCTKE , obsy , obsx , Yd , Xd , rxe "COBS RCTKE (Command)[LENS]"
COBS POLYE , R , n , Yd , Xd , rxe "COBS POLYE (Command)[LENS]"
COBS IPOLYE , file# , maxr , Yd , Xd , rxe "COBS IPOLYE (Command)[LENS]"
COBS TILTE , ( xe "COBS TILTE (Command)[LENS]" - The "CLAP TILTE" and "COBS TILTE" commands must follow a "CLAP ERASE" or "COBS ERASE" type of command, respectively. They work in a manner similar to "CLAP TILT" and "COBS TILT".  These commands are valid at both the LENS input and the UPDATE LENS levels.

CLAPD , i , jxe "CLAPD (Command)[LENS]" - The "CLAPD" xe "Deleting clear apeture data"command deletes any existing clear aperture or clear aperture erase definitions from the current surface. If "i" and "j" are both explicitly entered, then the command acts on surfaces "i" through "j", inclusively. The "lens pointer" is not modified by this command. Any PIKUPs referring to these deleted definitions will also be deleted. This command is valid at the UPDATE LENS level.

COBSD , i , jxe "COBSD (Command)[LENS]" - The "COBSD" xe "Deleting obscuration data"command deletes any existing obscuration or obscuration erase definitions from the current surface. If "i" and "j" are both explicitly entered, then the command acts on surfaces "i" through "j", inclusively. The "lens pointer" is not modified by this command. Any PIKUPs referring to these deleted definitions will also be deleted. This command is valid at the UPDATE LENS level.
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Clear Apertures and Obscurationstc "Clear Apertures and Obscurations" \f G
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Clear Aperture and Obscuration Tiltstc "Clear Aperture and Obscuration Tilts" \f G
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Clear Aperture and Obscuration Decentrationstc "Clear Aperture and Obscuration Decentrations" \f G
MULTI-CLEAR APERTURES tc "MULTI-CLEAR ALERTURES" \l 4 \f A
MULTCLAP , n , x , y , ( xe "MULTCLAP (Command)[LENS]" - xe "multiple clear apertures"The "MULTCLAP" command is used to specify that the current clear aperture definition on the current surface is to be repeated on the current surface with new center coordinates "x" and "y" and with an added gamma rotation, in degrees, specified by (. If the rotation ( is explicitly entered, it is added to any gamma rotation defined with a "CLAP TILT" command. Multiply defined clear apertures are considered "or" type surfaces during ray trace aperture checking and rays only fail if they do not pass through any of the copies of the clear aperture. The maximum allowed number of multiple clear apertures per lens surface is 1000. This command is valid at the LENS INPUT and LENS UPDATE levels. 

MULTCLAP DELETExe "MULTCLAP DELET (Command)[LENS]" - xe "delete multiple apertures"The "MULTCLAP DELETE" command is used to delete any and all multiple aperture assignments made to the current surface. This command is valid at the LENS INPUT and LENS UPDATE levels. 

MULTI-OBSCURATIONS tc "MULTI-OBSCURATIONS" \l 4 \f A
MULTCOBS , n , x , y , ( xe "MULTCOBS (Command)[LENS]" - xe "multiple obscurations"The "MULTCOBS" command is used to specify that the current obscuration definition on the current surface is to be repeated on the current surface with new center coordinates "x" and "y" and with an added gamma rotation, in degrees, specified by (. If the rotation ( is explicitly entered, it is added to any gamma rotation defined with a "COBS TILT" command. Multiply defined obscurations are considered "or" type surfaces during ray trace obscuration checking and rays fail if they are blocked by any one of the multiply defined apertures. The maximum allowed number of multiple obscurations per lens surface is 1000. This command is valid at the LENS INPUT and LENS UPDATE levels. 

MULTCOBS DELETExe "MULTCOBS DELET (Command)[LENS]" - xe "delete multiple obscurations"The "MULTCOBS DELETE" command is used to delete any and all multiple aperture assignments made to the current surface. This command is valid at the LENS INPUT and LENS UPDATE levels. 

SPIDERS tc "SPIDERS" \l 4 \f A
SPIDER , n , W , Lxe "SPIDER (Command)[LENS]"

xe "spiders" - The "SPIDER" command is used to specify that a spider type of support structure is attached to the current surface. "W" is the full width of an individual spider vane. "L" is the full length of the vane. "n" specifies the number of vanes to be evenly distributed in 360 degrees. If "n" is 3, there will be three vanes spaced by 120 degrees each. The first vane is always aligned with the local x-axis of the surface's local coordinate system. Each vane has one end anchored to the origin of the local coordinate system. Explicit input for "n", "W" and "L" is required.  A four vane spider is illustrated in the following figure. "n" may range from 1 to 1000.
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Defining a Spidertc "Defining a Spider" \f G
Spider definitions use multiple obscurations to define the spider structure. The "SPIDER" command is valid at the LENS INPUT and LENS UPDATE levels. 

SPIDER DELETExe "SPIDER DELET (Command)[LENS]" - The "SPIDER DELETE" command is used to delete a spider previously defined made to the current surface. This command deletes any MULTCOBS definitions on the current surface. This command is valid at the LENS INPUT and LENS UPDATE levels. 

DATA ENTRY CONFLICT RESOLUTIONS tc "DATA ENTRY CONFLICT RESOLUTIONS" \l 4 \f A - Duplicate xe "Data entry resolution table"datum specifications for the same parameter on the same surface are never allowed. The following table indicates how conflicts are resolved during surface specific data entry:

	DATUM ENTRY
	SURFACE TYPE 

SPECIFICATION
	PRIOR DATUM ENTRIES

DELETED

	CV or RD
	X-TORIC
	CV or RD PIKUP or any XZ-plane

curvature solve

	
	Y-TORIC
	CV or RD PIKUP or any YZ-plane

curvature solve

	
	Any axially symmetric surface
	CV or RD PIKUP or any curvature solve

	CVTOR or RDTOR
	X-TORIC
	CVTOR or RDTOR PIKUP or any YZ-plane curvature solve

	
	Y-TORIC
	CVTOR or RDTOR PIKUP or any XZ-plane curvature solve

	TH
	All surface types
	TH PIKUP or any curvature solve

	PIKUP CV
	X-TORIC
	RD PIKUP or any XZ-plane curvature solve

	
	Y-TORIC
	RD PIKUP or any YZ-plane curvature solve

	
	Any axially symmetric surface
	RD PIKUP or any curvature solve

	PIKUP RD
	X-TORIC
	CV PIKUP or any XZ-plane curvature solve

	
	Y-TORIC
	CV PIKUP or any YZ-plane curvature solve

	
	Any axially symmetric surface
	CV PIKUP or any curvature solve

	PIKUP CVTOR
	X-TORIC
	RDTOR PIKUP or any 

YZ-plane curvature solve

	
	Y-TORIC
	RDTOR PIKUP or any 

XZ-plane curvature solve

	PIKUP RDTOR
	X-TORIC
	CVTOR PIKUP or any 

YZ-plane curvature solve

	
	Y-TORIC
	CVTOR PIKUP or any 

XZ-plane curvature solve

	PIKUP TH
	All surface types
	Any thickness solve

	Any XZ-plane curvature solve
	X-TORIC
	CV or RD PIKUP

	
	Y-TORIC
	CVTOR or RDTOR PIKUP

	
	Any axially symmetric surface
	CV or RD PIKUP or any YZ-plane curvature solve

	Any YZ-plane curvature solve
	X-TORIC
	CVTOR or RDTOR PIKUP

	
	Y-TORIC
	CV or RD PIKUP

	
	Any axially symmetric surface
	CV or RD PIKUP or any XZ-plane curvature solve

	Any thickness solve
	All surface types
	TH PIKUP

	
	
	


LENS / CMD LEVEL COMMANDStc "LENS / CMD LEVEL COMMANDS" \l 3 \f A
THE MODE COMMANDtc "THE MODE COMMAND" \l 4 \f A - The "MODE" xe "Specifying the LENS MODE"command is valid from the LENS input level, the UPDATE LENS level and also from the CMD level. It changes the setting for imaging mode which is stored with each lens database. 

MODE FOCALxe "MODE FOCAL (Command)[LENS]" or MODE UFOCALxe "MODE UFOCAL (Command)[LENS]" - The commands "MODE FOCALxe "MODE FOCAL"" and "MODE UFOCALxe "MODE UFOCAL"" place the current lens in "focal mode". Most real ray aberration data will be displayed in transverse linear measure in these modes. First, third and fifth order aberrations and primary and secondary chromatic differences will be displayed in transverse linear measure. If the qualifier "UFOCAL" is specified, these paraxial based aberrations will not be converted to transverse linear measure (i.e., they remain the direct sum of surface contribution coefficients).

MODE AFOCALxe "MODE AFOCAL (Command)[LENS]" or MODE UAFOCALxe "MODE UAFOCAL (Command)[LENS]" - The commands "MODE AFOCALxe "MODE AFOCAL"" and "MODE UAFOCALxe "MODE UAFOCAL"" place the current lens in "afocal mode". Most real ray aberration data will be displayed in angular measure in these modes. The angular measure is either "radians", "degrees" or "tangent" depending on the program angular mode setting. First, third and fifth order aberrations and primary and secondary chromatic differences will be displayed in angular radian measure. If the qualifier "UAFOCAL" is specified, these paraxial based aberrations will not be converted to transverse linear measure (i.e., they remain the direct sum of surface contribution coefficients). If the "MODE" command is issued followed only by a "?", the current mode name will be displayed. The default mode is "FOCAL" when a new lens is created. The default program angular mode for ray data display is degrees. 

The "RADIANS", "DEGREES", "TANGENT" and "ANGMOD" commands described in the "CMD" manual section allow changing and interrogation of this angular mode. Unlike this program, some optical design programs do not support an AFOCAL mode and require the use of a "PERFECT" lens construct to make an afocal system appear as a focal system. If users transitioning from one of these other design codes wish to use a "PERFECT" lens construct rather than design in the native AFOCAL modes of this program, they may do so via use of the "PERFECT" command described later in this section of the manual.

SPECTRAL WEIGHTING FACTORStc "SPECTRAL WEIGHTING FACTORS" \l 4 \f A
SPTWT, W1 , W2 , W3 , W4 , W5xe "SPTWT (Command)[LENS]" - The "SPTWT" xe "Setting the spectral weights"command is valid from the LENS input level, UPDATE LENS level and also from the CMD level. Issuing this command with numeric input resets relative spectral weights for each of the first five wavelengths. The default settings for the first five spectral weights is 1.0. If only some of the spectral weights are input, the others are set to 0.0. If the "SPTWT" command is followed only by a "?", the current value of the associated parameters will be displayed.

SPTWT2, W6, W7 , W8 , W9 , W10xe "SPTWT2 (Command)[LENS]" - The "SPTWT2" command is valid from the LENS input level, UPDATE LENS level and also from the CMD level. Issuing this command with numeric input resets relative spectral weights for each of the second five wavelengths. The default settings for the second five spectral weights is 0.0. If only some of the spectral weights are input, the others are set to 0.0. If the "SPTWT2" command is followed only by a "?", the current value of the associated parameters will be displayed. Wi is the weight associated with wavelength number "i". These weights are used in all polychromatic calculations. For example, if a spot diagram is generated, all of the rays at wavelength "i" account for Pi percent of the total rays contributing to the spot. Pi is defined as:
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CMD LEVEL COMMANDStc "CMD LEVEL COMMANDS" \l 3 \f A
MAGNIFICATION, F-NUMBER AND EXIT PUPIL ADJUSTMENTtc "MAGNIFICATION, F-NUMBER AND EXIT PUPIL ADJUSTMENTS" \l 4 \f A - The next three commands are issued from the CMD level only. They adjust thicknesses and paraxial ray heights in order to produce specified lens system magnifications, f-numbers and exit pupil semi-diameters. These requested adjustments are stored with the lens database.

FINITE CONJUGATE MAGNIFICATION COMMANDStc "FINITE CONJUGATE MAGNIFICATION COMMANDS" \l 4 \f A
MAGY , M , i , jxe "MAGY (Command)[LENS]" - The "MAGY" xe "Setting a magnification"command is used to adjust the transverse, YZ-plane, paraxial, finite conjugate magnification "M" between surfaces "i" and "j" to the specified value "m". The object and the image surfaces are the default values for "i" and "j", respectively. The actual adjustment is made by alteration of the axial thickness of surfaces "i" and "j-1". Positive magnifications are interpreted as "real" imagery and negative magnifications are interpreted as "virtual" imagery. The magnification is defined by the following equation:
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where PCYi and PCYj are the paraxial chief ray heights at surfaces "i" and "j". There may be no solves assigned to surfaces "i" through "j". If there are, a warning message will be issued and no adjustment will be performed. The reference object heights should be set using "SCY" and/or "SCX" before the adjustment is performed.

MAGX , M , i , jxe "MAGX (Command)[LENS]" - The "MAGX" command is identical to the "MAGY" command, except that it works in the XZ-plane using XZ-plane paraxial ray data. The "MAGY" and "MAGX" commands are mutually exclusive since there is only one pair of thicknesses available to use to perform the magnification adjustment. 

F-NUMBER COMMANDStc "F-NUMBER COMMANDS" \l 4 \f A
FNBY (HLD or DEL) , f-numberxe "FNBY (Command)[LENS]" - The "FNBY"xe "Setting an F-number" command, used with no qualifier input, is used to adjust the paraxial axial ray slope in the YZ-plane to produce the "f-number" specified. This adjustment is performed by a change in the paraxial axial ray height at surface 1 with all solves temporarily suspended. This adjusted paraxial axial ray is traced, and each paraxial ray solve datum is reset to the value computed for it during this paraxial ray trace. The "f-number" is changed without altering any thicknesses or curvatures. The lens MODE must be FOCAL or UFOCAL, and the paraxial axial ray at the image surface cannot have a zero slope. A zero slope would imply an afocal system where the "f-number" is not defined. If the qualifierxe "F-number holds" "HLD" is used, the command performs the same functions described above. In addition, a code is set in the lens database which specifies that the "f-number" is to be held at the input value even when manual or automatic changes are made to the lens prescription The use of the "DEL" qualifier word causes any existing "FNBY HLD" conditions in the lens database to be removed.

FNBX (HLD or DEL) , f-numberxe "FNBX HLD (Command)[LENS]"The "FNBX" command is identical to the "FNBY " command, except that it acts in the XZ-plane using XZ-plane paraxial ray trace data. F-number holds may not be used if the "say" or "sax" values are "floating".

EXIT PUPIL SEMI-DIAMETER COMMANDStc "EXIT PUPIL SEMI-DIAMETER COMMANDS" \l 4 \f A
ERY and ERX  (HLD or DEL) , exit pupil semi-diameterxe "ERY and ERX (Command)[LENS]" - The "ERY" and "ERX" xe "Specifying exit pupils"commands are used to adjust the radius of the exit pupil in the YZ and the XZ-planes to radius "exit pupil semi-diameter". This adjustment is performed by a change in the paraxial axial ray height at surface 1 with all solves temporarily suspended. This adjusted paraxial axial ray is traced, and each paraxial ray solve datum is reset to the value computed for it during this paraxial ray trace. The "exit pupil semi-diameter" is changed without altering any thicknesses or curvatures. The lens MODE must be AFOCAL or UAFOCAL, and the paraxial axial ray at the image surface must have a zero slope. The "HLD" qualifier word causes a code to be set in the lens database which specifies that the "exit pupil radius" is to be held at the input value even when manual or automatic changes are made to the lens prescription. The " DEL" qualifier word causes any existing xe "Exit pupil holds""HLD" conditions in the lens database to be removed The "ERX", command is identical to the "ERY" command, except that it acts in the XZ-plane using XZ-plane paraxial ray trace data. Exit pupil semi-diameter holds may not be used if the "say" or "sax" values are "floating".

RAY AIMING AND TELECENTRIC COMMANDStc "RAY AIMING AND TELECENTRIC COMMANDS" \l 4 \f A
AIMRAY (ON or YES or OFF or NO) xe "AIMRAY(Command)[LENS]"The "AIMRAY (ON or YES)" and "AIMRAY (OFF or NO)"xe "Specifying how rays are aimed" commands either activate or deactivate real ray, ray aiming to a specific relative coordinate in the reference surface. When ray aiming is "(OFF or NO)", rays are aimed at next surface after the object surface based only upon the existing paraxial ray trace. It should only be used for diagnosing ray tracing problems. Issued with a "?", the "AIMRAY" command returns a message as to the current setting. This command is "sticky" and remains as set for the current lens until changed by the user. The setting is stored with the current lens in the lens database. The "AIMRAY" command is also described in the "CMD" section.

TEL (ON or YES or OFF or NO) xe "TEL ON(Command)[LENS]"If "TEL ON" is set, then the user must set or must have set the aperture of the system using the "NAOY" and "NAOX" commands. "NAOX" is only needed, if the "noax" value is to be different from the "naoy" value. Whenever "NAOY" is issued, it resets both the "noay" and "naox" values. If this is not done, the ray trace will give strange and incorrect results.  Alternatively, the "FNOY" and "FNOX" commands can be used to specify the numerical apertures in terms of object space F-numbers. The xe "Specifying a telecentric system""TEL (ON or YES)" and "TEL (OFF or NO)" commands either activate or deactivate real and paraxial ray, telecentric ray aiming. When telecentric ray aiming is "(OFF or NO)", real and paraxial rays are aimed as usual depending upon the location of the reference surface, the aperture stop surface and the current "AIMRAY" setting. When telecentric ray aiming is "(ON or YES)", all chief rays from all object points are aimed so that they are all parallel to the "gut" or central chief ray and to each other and so that they are all perpendicular to surface 0. In this setting, paraxial chief rays will not be aimed at the aperture stop surface and real chief rays will not be aimed toward the reference surface. All non-chief rays will be aimed toward the surface 1 using either the current SAY or SAX values. This telecentric ray aiming will ignore all tilts, decentrations and clear apertures assigned to the surface #1. Issued with a "?", the "TEL" command returns a message as to the current setting. This command is "sticky" and remains as set for the current lens until changed by the user. The setting is stored with the current lens in the lens database. While "TEL" is "(ON or YES)", reassignment of the object, reference and image surface with numeric word #5 of the "FOB" command is not allowed. While "TEL" is "(ON or YES)", the absolute value of the object distances (surface 0 thickness) must be less than 1.0X1010 lens units.

APLANATIC RAY AIMINGtc "APLANATIC RAY AIMING" \l 4 \f A
AIMAPL (ON or YES or OFF or NO) xe "AIMAPL  ON(Command)[LENS]" - The "AIMAPL (ON or YES)" and "AIMAPL (OFF or NO)"xe "aplanatic ray aiming" commands either activate or deactivate real ray, aplanatic ray aiming. When ray aiming is "on" and aplanatic ray aiming is "off", which is the default startup setting for the program, real rays are iteratively aimed to specific relative x and y-coordinates in the reference surface. When ray aiming is "on" and aplanatic ray aiming is also "on", then real rays are aimed at x and y-coordinates in the reference surface which are determined in part by the radius of curvature assigned to the reference surface. Aiming is performed such that if a uniform grid of rays was aimed at the reference surface, that grid of rays would be uniformly spread over the curved surface of the reference surface and would represent uniform angular ray aiming at that surface with respect to the center of curvature of that surface. If aplanatic ray aiming is "on" but the reference surface is a plano surface,  then ray aiming will be performed as if aplanatic ray aiming were "off". Aplanatic ray aiming also requires that there be a circular clear aperture assigned to the reference surface and that there be no clear aperture decenters and no clear aperture tilt assigned to that circular clear aperture.  The radius of curvature of the reference surface must also be greater than or equal to the semi-diameter of the circular clear aperture assigned to that surface. The figure on the right illustrates non-aplanatic ray aiming. In this case the y-height of the 0.5 ray at the reference surface is exactly 0.5 of the y-height of the 1.0 ray at the reference surface. The figure on the left illustrates aplanatic ray aiming. Here, the angle subtended by the 0.5 ray at the reference surface (measured with respect to the reference surface center of curvature) is exactly 0.5 of the angle subtended by the 1.0 ray at the reference surface (measured with respect to  the reference surface center of curvature).
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Aplanatic and Non-aplanatic ray aiming tc "Aplanatic and Non-aplanatic Ray Aiming" \f G
MULTIPLE FOV DEFINITIONStc "MULTIPLE FOV DEFINITIONS" \l 4 \f A - The multiple field-of-view definition commands are issued from the CMD level only. They are used to specify multiple field-of-view positions which are used by some of the CMD level commands which can generate data at multiple field-of-views. These multiple field-of-view definitions are stored with the lens database.

FLDS MAX , nxe "FLDS MAX (Command)[LENS]" - The "FLDS MAX" command specifies that there will be "n" fields-of-view active at the current lens database configuration. "n" may be set to from 1 to 10. The multiple field-of-view data will be interpreted as object field of view angles. By default, if none are defined, three field of view positions will be defined at 0.0, 0.7 and 1.0 degrees in the YZ-plane.

FLDS , i , x , y xe "FLDS (Command)[LENS]" - The "FLDS" command is used to specify the xz and yz-plane input values for the "i" th multiple field of view.

FLDSARE xe "FLDSARE (Command)[LENS]" - The "FLDSARE" command is used to display the current multiple field-of-view definitions contained in the current lens database.

ENVIRONMENTAL ANALYSIS COMMANDStc "ENVIRONMENTAL ANALYSIS COMMANDS" \l 4 \f A
TEMPERATURE - Environmental xe "Environmental analysis"analysis is performed by modifying the lens database and then calculating optical system metrics such as ray position, paraxial quantities or any other metric which the designer deems appropriate. 

THERM (qualifier) , i , j , (T , coef xe "THERM (Command)[LENS]"The "THERM" xe "Changing the temperature"command causes certain lens parameters (specified by the qualifier word) to be modified due to a change in temperature. The "qualifier" is selected from the table which follows. "i" is the first surface modified. "j" is the last surface modified. "i" and "j" may be equal if only one surface needs to be modified. "(T" is the thermal change in degrees C or K. "coef" is the value of the appropriate coefficient to be used. "(T" must be explicitly entered. The "coef" value must also be supplied, except for the eight gases listed in the next table. If "i" and "j" are left blank, the entire lens is modified. If "i" is omitted, the starting surface will be assumed to be the current object surface. If "j" is omitted, the ending surface will be assumed to be the current image surface. After the parameter modifications, all pickups, solves and paraxial datum are updated. The "THERM" command always acts upon the current lens configuration, however, "THERM" commands may be included as part of the multiple configuration definitions. The "THERM GLASS" command causes the current surface glass type to be changed to the "MYGLASS" definition with the new user-defined glass name being the previous glass name. After this occurs, no automatic interpolation of indices with wavelength changes will take place.  The "THERM GLASS" and "THERM GAS" commands allows the user to define how the refractive index of a glass or of a  gas will be modified by a change in temperature according to the following equation:
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The "THERM (specific gas name)" command allows the user to specify a particular gas to be used in an air space. For each gas, the absolute refractive index minus 1 (n-1) is first calculated at 760 mm of Hg and at 273 degrees Kelvin. This is done as is discussed in Born & Wolf. This value is remembered. This value is then scaled linearly in temperature by the (T input by the user. It is assumed that the lens system is initially at 293 degrees Kelvin (room temperature). The difference between the absolute (n-1) and the temperature scaled n-1 is then applied to each of the ten refractive indices. The glass definition is set automatically to "MYGLASS" and the glass name becomes the name of that specific gas. If pikups or solves exist on a surface which act to define the values of lens parameters and if these parameters would be changed by the "THERM" command, then the pikups or solves will be left in place and no lens parameter modification will occur. In this case, a warning message will be displayed.

	"qualifier"
	PARAMETER(S) MODIFIED
	COEFFICIENT USED

	SHAPE
	RD/CV, RDTOR/CVTOR, AC, AD, AE, AF, AG, AH, AI, AJ, AK, AL, ADTOR, AETOR, AETOR and AFTOR (Toric and non-toric curvatures and aspheric deformations)


	Coefficient of linear expansion per degrees C or K. (Must be supplied by the user.)

	THICK
	TH (surfaces with absolute values of the refractive indices greater  1.1)
	Coefficient of linear expansion per degrees C or K. (Must be supplied by the user.)

	SPACE
	TH (surfaces with absolute values of the refractive indices less than or equal to 1.1)
	Coefficient of linear expansion per degrees C or K. (Must be supplied by the user.)

	GLASS
	N1 through N10 (Refractive indices at all ten wavelengths)
	dN/dT (degrees C or K). (Must be supplied by the user.)

	GAS
	N1 through N10 (Refractive indices on air spaces at all ten wavelengths) (Spaces with refractive indices less than or equal to 1.1)
	The operation of this command is explicitly defined in the equation above this table. (The coefficient must be supplied by the user.)

	AIR, OXYGEN, NITROGEN, HELIUM, HYDROGEN, ARGON, ETHANE, and METHANE 
	N1 through N10 (Refractive indices on air spaces at all ten wavelengths) (Spaces with refractive indices greater than 1.1)
	(All coefficients are supplied by the program.)


PRESSURE 

PRES (qualifier) , i , j , (P , coef xe "PRES (Command)[LENS]" - The "PRES" xe "Changing the pressure"command modifies the refractive indices of air spaces due to changes in pressure. The "qualifier" is selected from the table below. "i" is the first surface modified. "j" is the last surface modified. "i" and "j" may be equal if only one surface needs to be modified. "(P" is the pressure change in mm of Hg. "coef" is the value of the appropriate coefficient to be used. "(P" must be explicitly entered. If the qualifier "GAS" is used, the "coef" value must also be supplied.  If "i" and "j" are left blank, the entire lens is modified. If "i" is omitted, the starting surface will be assumed to be the current object surface. If "j" is omitted, the ending surface will be assumed to be the current image surface. After the parameter modifications, all PIKUPS, solves and paraxial datum are updated. The "PRES" command always acts upon the current lens configuration but "PRES" commands may be included as part of the configuration definitions. The "PRES GAS" command allows the user to define how the refractive index of an air space gas will be modified by a change in pressure according to the following equation:
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The "PRES (specific gas name)" command allows the user to specify a particular gas to be used in an air space. For each gas, the absolute refractive index minus 1 (n-1) is first calculated at 760 mm of Hg and at 273 degrees Kelvin. This is done as is discussed in Born & Wolf. This value is remembered. This value is then scaled linearly in pressure by the (P input by the user. It is assumed that the lens system is initially at 760 mm of Hg. The difference between the absolute (n-1) and the pressure scaled n-1 is then applied to each of the ten refractive indices. The glass definition is set automatically to "MYGLASS" and the glass name becomes the name of that specific gas. If pikups or solves exist on a surface which act to define the values of lens parameters and if these parameters would be changed by the "PRES" command, then the pikups or solves will be left in place and no lens parameter modification will occur. In this case, a warning message will be displayed.

	"qualifier"
	PARAMETER(S) MODIFIED
	COEFFICIENT USED

	GAS
	N1 through N10 (Refractive indices on air spaces at all ten wavelengths) 

(Spaces with refractive indices less than or equal to 1.1)
	The operation of this command is explicitly defined in the equation above this table. (Must be supplied by the user.)

	AIR, OXYGEN, NITROGEN, HELIUM, HYDROGEN, ARGON, ETHANE, and METHANE 
	N1 through N10 (Refractive indices on air spaces at all ten wavelengths)

(Spaces with refractive indices greater than 1.1)
	(All coefficients are supplied by the program)


SAVE AND RESTORE LENSEStc "SAVE AND RESTORE LENSES" \l 4 \f A - The next four commands describe an alternate way to save lens prescriptions when it is not desired to use the lens library structure.

LENSLOC (6-character directory name) xe "LENSLOC (Command)[LENS]"

xe "changing lens directories" - The "LENSLOC" command, issued with exactly 6 characters, designates the directory name, under the main program directory, wherein lenses will be saved to and retrieved from with the next issuances of “LENSSAVE” and “LENSREST” commands. Issued with a “?”, the current LENSLOC directory name will be displayed. The default lens directory name is “LENSES”.

LENSDIRxe "LENSDIR (Command)[LENS]" - xe "listing lens directories"The "LENSDIR" command is issued in order to list the contents of the current lens storage directory.

LENSSAVE (filename) xe "LENSSAVE (Command)[LENS]" - xe "saving lenses (long)" The "LENSSAVE" command, issued with a one to eight character file name, causes the current lens to be saved as an ASCII file with the file extension .PRG into the current lens storage directory. If the "LENSSAVE" command is issued with the file name "ABC" for example, the current lens will be saved in the file ABC.PRG in the lens storage directory. Existing optimization and tolerance definitions are automatically saved as well.

LENSREST (filename) xe "LENSREST (Command)[LENS]" - xe "restoring lenses" The "LENSREST" command, issued with a one to eight character file name, causes the lens stored in that named ASCII file, in the current lens storage directory, to be restored as the current lens. If the "LENSREST" command is issued with the file name "ABC" for example, then if the file ABC.PRG exists in the current lens storage directory, the lens data in that file will become the lens data for the new current lens. Previously saved optimization and tolerance definitions are automatically reloaded as well.

LSAVE (filename) xe "LSAVE (Command)[LENS]" - xe "savinging lenses (short)" The "LSAVE" command works exactly like the LENSSAVE command except that no OPTIMIZATION, TOLERANCING, FIELDS or RAYS data is saved with the lens data.

THE LENS LIBRARYtc "THE LENS LIBRARY" \l 4 \f A
LENS LIBRARY INITIALIZATION - The lens library is xe "Using the Lens Library system"initially created by entering the next CMD level command.

ILFxe "ILF (Command)[LENS]" - To avoid accidental destruction of the existing lens library, the "ILF" command performs no file initialization unless it is  followed immediately by the command:

PROCEEDxe "PROCEED (Command)[LENS]" - If the CMD level command "PROCEED" is not immediately entered following the "ILF" command, then the "ILF" command is ignored and canceled. This initialization procedure should be used with caution as large amounts of data may be lost if it is used carelessly. The "ILF" command is intended for a user who has no lens library or for a user who intentionally desires to clean the slate and begin anew with an empty lens library.

LENS LIBRARY COMMANDS - The program lens library routines provide a lens library for the storage and retrieval of optical systems. The lens library serves as permanent optical system data storage. The number of lenses which may be stored is limited to a maximum of 999. Lens data may be entered into the library at any time following lens input or modification. Lens retrieval may be requested at any time at the CMD level. If they exist at the time of lens storage, optimization and tolerance definitions are saved in the lens library along with the lens. If optimization and tolerance definitions were save with a lens, they will be retrieved when the lens is retrieved.

LIB P or LIB P , i or LIB P , i , jxe "LIB P (Command)[LENS]" - The "LIB P" command displays a directory listing of all or part of the lens library. Without numeric input, the entire contents of the lens library directory is displayed. If only "i" is entered, only the "i"th lens library directory entry will be displayed. If "i" and "j" are both entered, the lens library directory from entry "i" to entry "j" will be displayed. "i" and "j" may range from 1 to 999. The display consists of the current lens identifier and a time and date stamp.

LIB PUTxe "LIB PUT (Command)[LENS]" (Optional string which becomes the new Lens Identifier LI which is used as the new lens library label) or LIB PUT , ixe "LIB PUT (Command)[LENS]"  (Optional string which becomes the new Lens Identifier LI which is used as the new lens library label) - The "LIB PUT" command causes the current lens to be stored in the lens library. If "i" is entered, storage will be attempted in the "i"th lens library storage area. If "i" is not explicitly entered, the current lens will be stored in the first empty lens library location found.

LIB GET or LIB GET , ixe "LIB GET (Command)[LENS]"The "LIB GET" command causes the contents of the "i"th lens library location to be retrieved as the new current lens. The old current lens will be lost.

LIB DEL , i or LIB DEL , i , jxe "LIB DEL (Command)[LENS]" - The "LIB DEL" command causes the "i"th lens library entry to be deleted. If both "i" and "j" are entered, lens library entries from "i" through "j" will be deleted.

LSTATxe "LSTAT (Command)[LENS]" - The "LSTAT" command generates a display of the current lens library storage status.

MANIPULATING  LIBRARIEStc "MANIPULATING  LIBRARIES" \l 2 \f A - The following xe "lens library saving"

xe "lens library restoring"commands are used to save and restore the contents of the current lens library dircetory. These two next two commands should not be used for saving and restoring the lens library when updating the program. The behavior of these commands in this situation is not reliable and alternate lens libraries will be lost!

LIBSAVExe "LIBSAVE (Command)[LENS]" - The command "LIBSAVE" causes the contents of the current lens library directory to be saved in the ASCII file LIBSAV.DAT. This process erases the current contents of the EDITTEXT.DAT file and the previous contents of the LIBSAV.DAT file.

LIBRESTxe "LIBREST (Command)[LENS]" - The command "LIBREST" causes the contents of the current LIBSAV.DAT file to be loaded into the current lens library directory. This process erases the current contents of the EDITTEXT.DAT file and the previous contents of the current lens library directory.

COMMERCIAL LENS MANUFACTURER LIBRARIEStc "COMMERCIAL LENS MANUFACTURER LIBRARIES" \l 4 \f A - There are a number of lens xe "Using the commercial lens library"manufacturers who provide large selections of optical components in finished form. Many times it is useful to be able to insert the optical prescriptions of these components into an existing optical system prescription or to build an entirely new optical system from these "off-the-shelf" components. In order to provide a simple method for selection and retrieval of these prescriptions, the following commands are provided:

LIB PMGxe "LIB PMG (Command)[LENS]" or LIB PESxe "LIB PES (Command)[LENS]" or LIB PNCxe "LIB PNC (Command)[LENS]" or LIB PROxe "LIB PRO (Command)[LENS]" or LIB PSH - xe "LIB PSH (Command)[LENS]"These four commands work the same as the "LIB P" command, except that they provide listings of the lens libraries which store optical components from MELLES GRIOTxe "MELLES GRIOT", EDMUND SCIENTIFICxe "EDMUND SCIENTIFIC", NEWPORT CORPORATION, ROLYN OPTICS COMPANYxe "NEWPORT CORPORATION" and SPINDLER & HOYERxe "SPINDLER & HOYER". 

LIB GETMG , i xe "LIB GETMG (Command)[LENS]" or LIB GETES , ixe "LIB GETES (Command)[LENS]" or LIB GETNC , ixe "LIB GETNC (Command)[LENS]" or LIB GETRO , ixe "LIB GETRO (Command)[LENS]" or LIB GETSH , ixe "LIB GETSH (Command)[LENS]" - These four commands work the same as the "LIB GET" command, except that they cause the "i"th lens in the specified lens library to be retrieved as the current lens. The previous current lens will be lost unless it has been previously saved. Using the CMD level command "LENADD", the current lens and the lens being retrieved may be added together. The qualifiers "GETMG", "GETES", "GETNC" "GETRO" and "GETSH" refer to MELLES GRIOT, EDMUND SCIENTIFIC, NEWPORT CORPORATION, ROLYN OPTICS COMPANY and SPINDLER & HOYER.  These manufacturer lens libraries are provided only as a convenience to the user and do not constitute a product endorsement.
OPTICAL GLASS CATALOGStc "OPTICAL GLASS CATALOGS " \l 4 \f A
GLASSPxe "GLASSP (Command)[LENS]" - The "GLASSP" xe "Searching the glass catalogs"

xe "Finding a catalog glass"

xe "Glass catalog names"command, entered without a qualifier, displays the names of all the currently implemented optical glass libraries.

GLASSP (catalog name) xe "GLASSP (Command)[LENS]" - The "GLASSP" command, entered with a valid glass catalog name, displays the names and/or numbers of all of the current optical glasses in that catalog.

GLASSP (catalog name) (glass name) xe "GLASSP (Command)[LENS]" - The "GLASSP" command, entered with a valid glass catalog name and a valid optical glass name, displays additional information about that glass. The glass name is entered as an alphanumeric string.  Issuing the "GLASSP" command with the catalog name "USER" causes the default text editor to open the USER.DAT file.

LENS SCALING COMMANDStc "LENS SCALING COMMANDS" \l 4 \f A
SC , factor , i , jxe "SC (Command)[LENS]" or WSC , factor , i , jxe "WSC (Command)[LENS]" - The "SC" and "WSC" xe "Scaling a lens database"commands are used to scale the current lens from surface "i" to surface "j" by the "scale factor". If "j" is not input, the ending surface is assumed to be the image surface. The use of "WSC" rather than "SC" results in no scaling of the SCX, SCY, SAX or SAY values.

SC FY , efl , i , jxe "SC FY (Command)[LENS]" or WSC FY , efl , i , jxe "WSC FY (Command)[LENS]" - The "SC FY" and "WSC FY" commands act exactly as the "SC" and "WSC" commands do, except that they act to scale the lens so that the YZ-plane paraxial effective focal length will equal the "efl" value input in numeric word 1. If no efl can be calculated, an error message will be issued and no action will be taken. Only special surface coefficients associated with special surface TYPES 1, 4, 6, 7, 8, 12 and 13 are scaled via these four scaling commands.
LENS OUTPUT AND DISPLAYtc "LENS OUTPUT AND DISPLAY" \l 4 \f A
LENOxe "LENO (Command)[LENS]" - The "LENO" command xe "Output the lens with LENO "outputs all data for the current lens and all current multiple configuration and special surface data in a format which is readable as program input. If the output is read by the program, then the "LENO" command should be preceded by "OUTPUT CP", "OUTPUT PU" or OUTPUT ED". If the output is to be printed, then "LENO" should be preceded by "OUTPUT LP". Existing optimization and tolerance definitions are automatically output as well. 

LENO NOOPTxe "LENO NOOPT (Command)[LENS]" - The "LENO NOOPT" command xe "Output the lens with LENO NOOPT "outputs all data for the current lens and all current multiple configuration and special surface data in a format which is readable as program input. If the output is read by the program, then the "LENO NOOPT" command should be preceded by "OUTPUT CP", "OUTPUT PU" or OUTPUT ED". If the output is to be printed, then "LENO NOOPT" should be preceded by "OUTPUT LP". Existing optimization and tolerance definitions are NOT output. 

LENO RDxe "LENO RD (Command)[LENS]" - The "LENO RD" command xe "Output the lens with LENO RD "outputs all data for the current lens and all current multiple configuration and special surface data in a format which is readable as program input. It works exactly as does "LENO" except for surfaces with non-zero curvatures or toric curvatures. For those surfaces, surface radius or toric radius are output.

LENO REVERSExe "LENO REVERSE (Command)[LENS]" - The "LENO REVERSE" cxe "Output the lens with LENO REVERSE"ommand outputs the lens data of the current lens in reverse order. Only the main lens configuration is reversed. All PIKUPs, solves, tilts, decentrations and alternate configurations are first removed. Should a configuration, other than the main configuration, need reversal, use the "DEZOOM" command to change the alternate configuration into the main configuration. If a complex set of adjacent reflectors is found, LENO REVERSE will do its best to identify glasses surrounding the reflectors. If it can not resolve the glasses, the glass "GLASS UNKNOWN" with unit refractive indices will be used and the user will need to change that glass to the correct glass by hand with UPDATE LENS commands. 

LENS CONVERSIONtc "LENS CONVERSIONS" \l 4 \f A - No two optical design programs support all the same optical modeling features. Most programs have some commonality of data types although not all command syntax is the same. The following translators, may be used to translate optical prescriptions to and from this program's lens database. Use these translators with caution and check all translated data in the target optical design program. Any errors in these translators should be reported immediately so that they may be fixed. Output may be performed to the screen or to one of the output files via the CMD level command "OUTPUT". CODE-V and ZEMAX database items not translated using the "CV2PRG" and ZMX2PRG" commands will be stored in a file named CONVERT.ERR so that after conversion, the user can see what the translator has not translated.

LENO ACxe "LENO AC (Command)[LENS]" - The "LENO AC" cxe "Output the lens with LENO AC"ommand outputs the lens data of the current lens in a form in which it may be imported into ACCOS-V optical design program. Only the main lens configuration is output. All PIKUPs, solves, and alternate configurations are first removed. Some of this program's features are not supported in ACCOSS-V and it is up to the user to verify the translation accuracy. All glasses are converted to the ACCOS-V "GLASS" command. The decenters and tilts of clear apertures and obscurations are ignored. "CLAP and COBS ERASES" are ignored. Special surface definitions are ignored.

LENO CVxe "LENO CV (Command)[LENS]" - The "LENO CV" cxe "Output the lens with LENO CV"ommand outputs the lens data of the current lens in a form in which it may be imported into CODE-V optical design program. Only the main lens configuration is output. All PIKUPs, solves, and alternate configurations are first removed. Some of this program's features are not supported in CODE-V and it is up to the user to verify the translation accuracy. All glasses are converted to the CODE-V "GLASS" command. The decenters and tilts of clear apertures and obscurations are retained. "CLAP and COBS ERASES" are ignored. Special surface definitions are ignored. "TILT BEN" and "TILT DAR" commands are translated but "TILT RET" and "PIVOT" are ignored.

LENO EXCEL ( i , j , glo , cfg )xe "LENO EXCEL (Command)[LENS]" - The "LENO EXCEL" cxe "Output the lens with LENO EXCEL"ommand outputs the lens data of the current lens in a tab delimited file which may be read into Microsoft Excel. Data items which are all default, are omitted. For example, if there are no conics in the surface range requested, no conic column is output. Data is output from surface "i" to surface "j". Defaults for "i" and "j" are surfaces 1 and the image surface. "glo" specifies the global reference surface for global vertex data. The default is surface 1. "cfg" specifies the configuration to output. The default is cfg 1.

CV2PRG filenamexe "CV2PRG (Command)[LENS]" -  The “CV2PRG” command converts the Code V( sequence file representation of a lens contained in the file named “filename” into the “current” lens. Not all Code V( lens database features are supported in this translation but most important and common surface shapes, glass types, apertures, obscurations and tilt/decentration modes are supported. A listing of all Code V( commands not translated can be viewed by opening the file CONVERT.ERR, after the translation is finished.

ZMX2PRG filenamexe "ZMX2PRGommand)[LENS]" - xe "ZEMAX( to PRG translation" The “ZMX2PRG” command converts the ZEMAX( ASCII file representation of a lens contained in the file named “filename” into the “current” lens. Not all ZEMAX( lens database features are supported in this translation but most important and common surface shapes, glass types, apertures, obscurations and tilt/decentration modes are supported. A listing of all ZEMAX( commands not translated can be viewed by opening the file CONVERT.ERR, after the translation is finished.

COMBINING LENSEStc "COMBINING LENSES" \l 4 \f A
LENADD ,  i , j , kxe "LENADD (Command)[LENS]" - The "LENADD" xe "Adding lenses together"command will add on to the end of the current lens (called the first lens) the lens stored in the lens library block "i" (called the second lens) and the resultant lens will become the new current lens. The lens units must be the same for both lenses. The lens identification, wavelengths, spectral weights, control wavelength and paraxial trace parameters (SAY, SAX, SCY or SCY FANG and SCX or SCX FANG) will continue to be what they were for the first lens. All solves will be removed, but all PIKUPs will remain. The aperture stop will remain that of the first lens unless "j" is non-blank, in which case the aperture stop of the second lens will become the aperture stop for the new lens. The reference surface of the new lens will remain that of the first lens unless "k" is non-blank, in which case the reference surface of the second lens will become the reference surface of the new lens. Any holds on f/# or exit pupil radius will remain with the first lens. The mode will remain with the second lens. All special surface data will remain intact, but all alternate configurations associated with either lens will be lost.

DISPLAYING LENS DATAtc "DISPLAYING LENS DATA" \l 5 \f A - The following xe "Setting HEADINGS in lens output"commands generate the display of various items of the lens database. The qualifier words "OB" or "OBJ" cause data to be displayed for the object surface only. If no qualifier word is entered, a line of data is produced for the surface whose number "i" is specified by numeric word #1. If a negative value is entered for "i", the program increases the entered value by adding the number of the image surface. Thus, an entry of -1 may be used to denote the surface immediately preceding the image surface. These commands are also described in the sections with deal with the modification of these specific lens database items.

HEADINGS ONxe "HEADINGS ON (Command)[LENS]" or HEADINGS OFFxe "HEADINGS OFF (Command)[LENS]" - Headings are always displayed when tabular output is requested via the qualifier "ALL". The "HEADINGS" command with the qualifier words "ON" and "OFF" controls whether or not headings will be displayed for single lines of displayed data. The default setting for "HEADINGS" is "OFF" when the program begins. New users may be more comfortable seeing headings for all data displays. Headings can be set to "ON" after program startup or the line "HEADINGS ON" can be added to the "DEFAULTS.DAT" file before starting the program. If requested program data does not exist, a message to that effect is displayed. 

LENS DATA DISPLAY COMMANDS - The following commands can take "ALL" (all surfaces) or "OBJ" or "OB" (object surface) as qualifier words or they can take numeric wrd #1 input, "i" designating a specific surface for which surface data is to be displayed. Issued with no input, the data for the final surface of the lens will be displayed.

RADIUS,THICKNESS, GLASS DATA

RTG xe "RTG (Command)[LENS]" or CTG  - xe "CTG (Command)[LENS]"The "RTG" and "CTG" xe "Listing Radius/Thickness/Glass"

xe "Listing Curvature/Thickness/Glass"commands produce output of the surface profile (radius for "RTG" and curvature for "CTG"), the axial thickness to the next surface, the name associated with the optical medium following the surface (e.g., AIR, REFL, MODEL, SCHOTT BK5), the refractive index, N at the control wavelength and the Abbe-number V at the control wavelength and primary wavelength pair. An asterisk (*) will be printed immediately preceding the surface number of all surfaces which contain unusual properties: tilts, decenters, a conic constant, aspheric data, torics or special surface data. For this and other commands which follow, "OB" and "OBJ" refer to surface 0. "ALL" produces a listing for all surfaces in the lens database for which output would be appropriate.

RTGLBL xe "RTG LBL (Command)[LENS]" or CTGLBL xe "CTGLBL (Command)[LENS]" - The "RTGLBL" and "CTGLBL" xe "Including surface lables in RTG/CTG"commands are identical to the "RTG" and "CTG" commands, except that they also display lens database surface label information entered at the LENS or UPDATE LENS levels.

TILT AND DECENTER DATA

TAD xe "TAD (Command)[LENS]" - The "TAD" command xe "Displaying tilt and decentration data"displays surface decentration and tilt data. A line of output consists of the surface number, the type of tilt condition: TILT, RTILT, TILT A(AUTO) or TILT AM (AUTOM), the decentration values Yd and Xd and tilt values ALPHA, BETA and GAMMA. Decentrations are displayed in lens units and the tilt values are in degrees.

PIVOT xe "PIVOT (Command)[LENS]" - The "PIVOT" CMD level command xe "Displaying pivot data"displays surface alternate pivot data. A line of output consists of the surface number, and the pivot  values "pivx", "pivy" and "pivz".

CONIC AND ASPHERIC DATA

ASPH xe "ASPH (Command)[LENS]" - The "ASPH" xe "Displaying aspheric data"command displays any conic constant and 2nd, 4th, 6th, 8th or 10th order aspheric surface terms which may be defined on a surface. The display consists of the surface number, conic constant CC and aspheric coefficients (if present) AC, AD, AE, AF, and AG. The 2nd order term is provided for use on rotationally symmetric surfaces with zero curvature to  accurately model Schmidt corrector plates.

ASPH2 xe "ASPH2 (Command)[LENS]" - The "ASPH2" command displays any conic constant and 12nd, 14th, 16th, 18th or 20th order aspheric surface terms which may be defined on a surface. The display consists of the surface number, conic constant CC and aspheric coefficients (if present) AH, AI, AJ, AK, and AL. 

ARRAY AND DEFORMABLE LENS DATA

ARRAY xe "ARRAY (Command)[LENS]"  - The "ARRAY" xe "display array lens data"command, issued at the CMD level, displays current array lens data. The display consists of the array spacing in x and y and whether the array is "odd" or "even". This data, if present, is also automatically displayed whenever an "RTG", "CTG", "RTGLBL" or "CTGLBL" command is issued.

DEFORM xe "DEFORM (Command)[LENS]" - The "DEFORM" level xe "Displaying deformation data"command displays current defomation input settings. The display consists of the file number, array dimension, x and y actuator spacings and z-scale factor.

MIRROR THICKNESS DATA

THM xe "THM(Command)[LENS]" - The "THM" CMD level xe "Displaying THM data"command displays the mirror thickness values currently assigned to the lens database. Units are always in current lens units.

TORIC AND ANAMORPHIC DATA

TR xe "TR (Command)[LENS]" or TC xe "TC (Command)[LENS]" - The "TR" and "TC" CMD level xe "Displaying toric data"commands display toric radius of revolution ( for "TR") or curvature of revolution ( for "TC") data for surfaces defined as torics. The display consists of the surface number, the type of toric (X or Y) and the radius of revolution or the curvature of revolution.

TASPH xe "TASPH (Command)[LENS]"  - The "TASPH" CMD level xe "Displaying toric aspheric data"command displays any anamorphic conic constant and 4th, 6th, 8th or 10th order anamorphic aspheric surface terms which may be defined on a surface. The display consists of the surface number, conic constant CCTOR and anamorphic aspheric coefficients (if present) ACTOR, ADTOR, AETOR, AFTOR and AGTOR.

SOLVE DATA
SLV xe "SLV (Command)[LENS]" - The "SLV" command xe "Displaying solve data"displays any data solves defined on a surface. The display consists of the surface number, the command word name of the solve (e.g., PUCY, PCY), the name of the parameter whose value is determined by the solve (e.g., TH, CV), the current value of that parameter and the "solve target value". The solve target value is the numeric input value associated with the solve. For a PUCY solve, it is the paraxial chief ray angle tangent; for a PCY solve, it is the paraxial chief ray height.

PIKUP DATA
PIK xe "PIK (Command)[LENS]" - The "PIK" command xe "Displaying PIKUP data"displays any PIKUP data defined on a surface. Display consists of the surface number, type of PIKUP (e.g., TH, ALPHA, GLASS), the number of the surface from which data is picked up, the multiplicative constant, A, and additive constant, B. Several lines will be displayed for a single surface if several PIKUPs are present.

APERTURE AND OBSCURATION DATA
CAOB xe "CAOB (Command)[LENS]" - The "CAOB" xe "Displaying clear aperture/obscuration data"command displays clear aperture, obscuration and erase data defined on a surface. Display consists of the surface number, the type of aperture or obscuration (CIRCLE, etc.), the Y and the X dimensions, the aperture decentrations and the aperture rotation angle (if appropriate). An obstruction is identified by "(OB)" following the surface number. Data display is consistent with the clear aperture naming conventions. 

SPIDER xe "SPIDER (Command)[LENS]" - The "SPIDER" CMD level xe "Displaying spider data"command displays spider data defined on a surface. Display consists of the surface number, the type number of vanes and the "W" and "L" values.

REFRACTIVE INDEX DATA
RIN xe "RIN (Command)[LENS]" - The "RIN" CMD level xe "Displaying refractive index data"command displays the refractive indices of all optical media at each of the first five program wavelengths. 

RIN2 xe "RIN (Command)[LENS]" - The "RIN2" CMD level command displays the refractive indices of all optical media at each of the second five program wavelengths. 

NDEX xe "NDEX (Command)[LENS]" - The "NDEX" CMD level command displays the glass names and associated refractive indices of all optical media at each of the first five program wavelengths.  This command is similar to "RIN" except that materials with all indices equal to 1.0 or -1.0 are omitted.

NDEX2 xe "NDEX (Command)[LENS]" - The "NDEX2" CMD level command displays the glass names and associated refractive indices of all optical media at each of the second five program wavelengths. This command is similar to "RIN2" except that materials with all indices equal to 1.0 or -1.0 are omitted.

FOOTPRINT SETTING DATA
FOOTBLOK xe "FOOTBLOK (Command)[LENS]" - The "FOOTBLOK" CMD  level xe "Displaying FOOTBLOK settings"command displays the nature of surface FOOTBLOK surface setting. 

WEIGHT AND PRICE DATA
SPGR xe "SPGR(Command)[LENS]" - The "SPGR" CMD level xe "Displaying SPGR data"command displays the specific gravity values currently assigned to the lens database. Units are always grams per cubic centimeter.

PRICE xe "PRICE(Command)[LENS]" - The "PRICE" CMD level xe "Displaying PRICE data"command displays the price per Kg values currently assigned to the lens database. Units are always grams per cubic centimeter.
DUMMY SURFACE SETTING DATA
DUMOUT xe "DUMOUT (Command)[LENS]" - The "DUMOUT" xe "Displaying forced dummy status"command displays the nature of the forced dummy surface status.

INTERFEROGRAM DATA
INR xe "INR(Command)[LENS]" - The "INR" xe "Displaying INR data"command displays the "inr" values currently assigned to the lens database.

GRATING DATA
GRT xe "GRT (Command)[LENS]" - The "GRT" CMD level xe "Displaying grating data"command displays the diffraction grating data for the specified surface or surfaces.

NON-SURACE DEPENDENT DATA DISPLAY

LI xe "LI (Command)[LENS]" - The "LI" xe "Displaying the Lens Identifier"command displays the current lens, Lens Identifier.

LIC xe "LI (Command)[LENS]" - The "LIC" command displays the current lens, Lens Identifier Continuation lines.

INI xe "INI (Command)[LENS]" - The "INI" xe "Displaying the Designer Identifier"command displays the current lens, Designer Identifier.

LTYPE xe "LTYPE (Command)[LENS]" - The "LTYPE" xe "Lens Type Identifier"command displays the current lens, Lens Type Identifier.

ASTOPxe "ASTOP (Command)[LENS]" - The "ASTOP" xe "Displaying aperture stop data"command displays the surface number of the aperture.

UNITSxe "UNITS (Command)[LENS]" - The "UNITS" command xe "Displaying the current lens units"displays the units (inches, centimeters, millimeters or meters) in which linear lens dimensions are expressed.

CWxe "CW (Command)[LENS]" - The "CW" xe "Displaying the control wavelength"command displays the wavelength number of the current control wavelength. 

PCWxe "PCW (Command)[LENS]" - The "PCW" command xe "Displaying the primary wavelength pair"displays the wavelength numbers to be used for "primary chromatic difference" calculations. 

SCWxe "SCW (Command)[LENS]" - The "SCW" command xe "Displaying the secondary wavelength pair"displays the wavelength numbers to be used for "secondary chromatic differences".

REFxe "REF (Command)[LENS]" - The "REF" commandxe "Displaying Reference Surface data" displays "reference surface data" used for ray tracing in the YZ and XZ-planes. This includes the chief ray reference object height, marginal ray reference height at the reference surface and the object surface, reference surface and image surface numbers. The reference field angle, in degrees, is printed in parentheses following the reference object height. This is the angle subtended by an object of height equal to the reference object height as viewed from the origin of the surface following the object surface. Normally, the object surface is surface number 0. It is possible, however, to redefine object, reference and image surface numbers whenever an object point is defined by an "FOB" command.

SPCxe "SPC (Command)[LENS]" - The "SPC" xe "Displaying Special Condition data"command displays all f-number hold data (FNBY HLD and FNBX HLD) and exit pupil diameter hold data (ERY HLD and ERX HLD) associated with the entire lens.

MODE xe "MODE (Command)[LENS]" - The "MODE" xe "Displaying the current lens mode"command (issued with no qualifier word) displays a message indicating the current lens mode.

SPTWTxe "SPTWT (Command)[LENS]" - The "SPTWT" xe "Displaying the current spectral weights"command (issued with no numeric input) displays the current spectral weights for the first five program wavelengths.

SPTWT2xe "SPTWT (Command)[LENS]" - The "SPTWT2" command (issued with no numeric input) displays the current spectral weights for the second five program wavelengths.

SAY or EPDxe "SAY or EPD (Command)[LENS]" or SAXxe "SAX (Command)[LENS]" - The "SAY" and "SAX" xe "Displaying the SAY and SAX values"commands (issued with no numeric input) display the current SAY and SAX values for the current lens. 

WRYxe "WRY (Command)[LENS]" or WRXxe "WRX (Command)[LENS]"The "WRY" and "WRX" xe "Displaying the WRY and WRX values"commands (issued with no numeric input) display the current WRY and WRX values for the current lens. 

BDYxe "BDY (Command)[LENS]" or BDXxe "BDX (Command)[LENS]" - The "BDY" and "BDX" xe "Displaying the BDY and BDX values"commands (issued with no numeric input) display the current BDY and BDX values for the current lens. 

SCY (qualifier) xe "SCY (Command)[LENS]" or SCX (qualifier) xe "SCX (Command)[LENS]" - The "SCY" and "SCX" xe "Displaying the SCY and SCX values"commands (issued with no numeric input) display the current SCY and SCX values for the current lens. If issued with the qualifier "FANG", the field angle equivalents of SCY and SCX will be displayed

COMPLETE LENS LISTINGtc "COMPLETE LENS LISTING" \l 5 \f A
LEPRT or LIS , (i) xe "LEPRT or LIS (Command)[LENS]" - The "LEPRT"  and "LIS" xe "The lens listing-LEPRT"commands , issued with no numeric input, produce a complete listing of the "current lens", lens data. If a surface number "i" is issued with the commands, all surface dependent data for that surface  is displayed.

FULL SCREEN EDITING OF LENS DATA tc "FULL SCREEN EDITING OF LENS DATA" \l 2 \f A - Lens data for xe "Full screen edit of the lens database"the current lens may be edited using the program full screen editor without leaving the program. By using the "EDIT" command (described in the CMD section), the file EDITTEXT.DAT may be edited using the current program full screen editor. To edit the current lens, simply use the output redirection command "OUTPUT ED" (described in the CMD section) and the "LENO" command (described in this section) to output the current lens data to the EDITTEXT.DAT file. Use the "EDIT" command to edit this file, making any desired changes. After filing the modified "EDITTEXT.DAT" file and leaving the editor, read in the modified EDITTEXT.DAT file using the "INPUT ED" command (described in the CMD section). The changes made during the edit session will be manifested in the new current lens. 

NOTE: This method provides full screen edit capability for lens data, but it lacks the sophisticated built-in error checking of the standard lens input and lens update procedures.

PARAMETER CHANGE COMMANDS tc "PARAMETER CHANGE COMMANDS" \l 2 \f A - Fifty one commands, xe "Lens parameter change commands"when xe "DELT "issued xe "CENT "from the LENS UPDATE LEVEL, may be issued with the optional qualifier words "CENT" or "DELT". If one of these commands is issued with the "CENT" qualifier word, the current lens parameter value referenced by the command will be increased or decreased by the percentage specified by the value of numeric word #1. If one of these commands is issued with the "DELT" qualifier word, the current lens parameter value referenced by the command will be changed by the value of numeric word #1. Additionally, the "CV", "RD", "CVTOR" and "RDTOR" commands may be issued with the qualifier word "DELTFR". "DELTFR" is used to modify the curvature, radius of curvature, toric curvature or toric radius of curvature of a surface to represent a change by a specified number of "fringes". By default, the wavelength used is 0.5461 microns. If no clear aperture is assigned, then the default aperture height used for "DELTFR" is the sum of the absolute values of the paraxial marginal and paraxial chief ray heights in the YZ-plane for the previous paraxial ray trace. If a clear aperture is assigned, then the default aperture height used for "DELTFR" is the larger of the Y and X-clear aperture heights, ignoring clear aperture decentrations and clear aperture tilts. The wavelength in microns may be explicitly entered via an explicit entry for numeric word #2. The clear aperture height in lens units may be explicitly entered via an explicit entry for numeric word #3. Furthermore, the "CV" and "RD commands may be issued with the qualifier word "SAG". "SAG" is used to modify the curvature or radius of curvature of a surface so that it has a specific SAG value (in lens units) given by the value input in numeric word #1. If no clear aperture is assigned the surface, then the default aperture height used for "SAG" is the sum of the absolute values of the paraxial marginal and paraxial chief ray heights in the YZ-plane for the previous paraxial ray trace. If a clear aperture is assigned, then the default aperture height used for "SAG" is the larger of the Y and X-clear aperture heights, ignoring clear aperture decentrations and clear aperture tilts. A temporary clear height in lens units may be explicitly entered via an explicit entry for numeric word #2. The conic constant is used as part of this SAG calculation. The following table lists these thirty-nine commands and the parameter values which will be modified by them:

	COMMAND
	VALUE MODIFIED

	RD or CV
	Radius of curvature or curvature only.

	RDTOR or CVTOR
	Toric radius or curvature or toric curvature

	CC
	Conic constant

	AC
	2nd order aspheric coefficient

	AD
	4th order aspheric coefficient

	AE
	6th order aspheric coefficient

	AF
	8th order aspheric coefficient

	AG
	10th order aspheric coefficient

	AH
	12th order aspheric coefficient

	AI
	14th order aspheric coefficient

	AJ
	16th order aspheric coefficient

	AK
	18th order aspheric coefficient

	AL
	20th order aspheric coefficient

	CCTOR
	Toric conic constant

	ADTOR
	4th order toric aspheric coefficient

	AETOR
	6th order toric aspheric coefficient

	AFTOR
	8th order toric aspheric coefficient

	AGTOR
	10th order toric aspheric coefficient

	TH
	Thickness

	YD
	Y-decenter

	XD
	X-decenter

	COMMAND
	VALUE MODIFIED

	ALPHA
	Alpha surface tilt

	BETA
	Beta surface tilt

	GAMMA
	Gamma surface tilt

	INR
	Zernike reference radius

	N1
	Refractive index at (1


	COMMAND
	VALUE MODIFIED

	N2
	Refractive index at (2

	N3
	Refractive index at (3

	N4
	Refractive index at (4

	N5
	Refractive index at (5

	N6
	Refractive index at (6

	N7
	Refractive index at (7

	N8
	Refractive index at (8

	N9
	Refractive index at (9

	N10
	Refractive index at (10

	SAY
	SAY or EPD value

	SAX
	SAX value

	INDEX
	index value for  a "model" glass

	VNUM
	V-number for  a "model" glass

	DPARTL
	(Partial dispersion for  a "model" glass

	PIVX
	Tilt X-pivot position

	PIVY
	Tilt Y-pivot position

	PIVZ
	Tilt Z-pivot position

	GDX
	global x-decenter (with TILT RET)

	GDY
	global y-decenter (with TILT RET)

	GDZ
	global z-decenter (with TILT RET)

	GALPHA
	global alpha tilt (with TILT RET)

	GBETA
	global beta tilt (with TILT RET)

	GGAMMA
	global gamma tilt (with TILT RET)


LENS INDEPENDENT GLASS COMMANDStc "LENS INDEPENDENT GLASS COMMANDS" \l 3 \f A Up to xe "Lens database independent glass commands"this point, all of the commands which relate to glass catalog data have connected the glass catalog data to the "current" lens. The next few commands are completely independent of the "current" lens. 

GLASSWV (LENS or NSSLENS) , (1 , (2 , (3 , (4 , (5 xe "GLASSWV (Command)[LENS]" - The "GLASSWV" command is used to establish five or ten wavelengths at which a glass catalog glass refractive index will be evaluated. In the absence of a "GLASSWV" command, the following values are assumed for "(1" to "(5":

	(1
	(2
	(3
	(4
	(5

	0.58756 (
	0.48613 (
	0.65627 (
	0.43584 (
	0.70652 (

	(6
	(7
	(8
	(9
	(10

	0.0 (
	0.0 (
	0.0 (
	0.0 (
	0.0 (


If optional qualifiers are used, numeric input is ignored. If the qualifier word “LENS” is used, then the ten wavelengths are the ten wavelengths in the current lens. If the qualifier “NSSLENS” is used, then the ten wavelengths are the ten wavelengths in the NSS database. ( is always assumed to be represented in microns.

(glass catalog name) , (glass name) xe "glass catalog name (Command)[LENS]" - A valid glass catalog name is the command word of this command. Glass names or number codes are the valid qualifier words. This command causes the refractive indices at the ten wavelengths established with the "GLASSWV" command to be placed in the general purpose storage registers 1 to 10. These refractive indices may then be recalled, displayed or used in a macro or macro function.

CMD LEVEL CHANGE COMMANDStc "CMD LEVEL CHANGE COMMANDS" \l 3 \f A - xe "CMD level lens modification"The following commands are issued from the CMD level only. They are used to introduce complex surface and element displacements, tilts and re-positionings. They are most useful in examining the effect of optical alignment errors. They are implemented without the use of additional dummy surfaces. Assignment of multiple complex surface or element tilts should be done with care since rotations, in general, do not commute. The following commands are not, in general, compatible with "TILT BEN", "TILT DAR" and "TILT RET". All occurrences of "TILT BEN", "TILT DAR" and "TILT RET" should be removed via the "TILT BEND", "TILT DARD" and "TILT RETD" commands before using "DISP", "STILT", "BTILT", "ROLL" and the associated "PIVOT" commands.

DISP , i , j , (x , (y , (z xe "DISP (Command)[LENS]" - The "DISP" command is used to move surfaces "i" through "j" by the amounts (x, (y and (z while leaving all other surfaces in the lens database in their original locations. Displacements are always assumed to be in current lens units.

STILT , i , (alpha , (beta , (gamma xe "STILT (Command)[LENS]" - The "STILT" command is used to rotate surface "i" through angles (alpha, Abeta and (gamma while leaving all other surfaces in the lens database in their original locations. Rotations are always assumed to be measured in degrees. The default pivot position for "STILT" is the origin of the local coordinate system of surface "i".

STILT PIVOT , (x , (y , (z xe "STILT PIVOT (Command)[LENS]" - The "STILT PIVOT" command must be issued before an "STILT" command for it to be effective. It specifies an alternate x, y and z-location, specified with respect to the vertex of surface "i", as the pivot point for the next "STILT" command. 

STILT PIVAUTO, (x , (y , (z xe "STILT PIVAUTO (Command)[LENS]" - The "STILT  PIVAUTO" command must be issued before an "STILT" command for it to be effective. It specifies that the alternate x, y and z -location of the pivot point to be used in the next "STILT" command will be equal to the x, y and z-intersection of the last chief ray traced with the surface to which the following "STILT" is applied. The automatically calculated pivot location will then be incremented by the (x, (y and (z values, if they are included. If no chief ray data is available, a warning message will be issued and no action will be taken. 

ROLL , i , j , (x , (y , k xe "ROLL (Command)[LENS]" - The "ROLL" command is used to "roll" surfaces "i" through "j" by (x and (y measured at surface "k". This "roll" is performed internally as a tilt about a pivot point located at the center of curvature of surface "k" where "k" must be set equal to either "i" or "j". If not explicitly entered, "k" is assumed to be equal to "i". This "roll" is performed while leaving all other surfaces in the lens database in their original locations. Rolls are always specified in current lens units of effective decentration at surface "k". For the purposes of determining the pivot point for the roll, it is assumed that there are no x or y displacements or alpha, beta or gamma tilts between surfaces "i" and "j". 

BTILT , i , j , (alpha , (beta , (gamma xe "BTILT (Command)[LENS]" - The "BTILT" command is used to rotate surfaces "i" though "j" through angles (alpha, (beta and (gamma while leaving all other surfaces in the lens database in their original locations. The default pivot point for this rotation is located at the vertex of surface "i" unless the command is immediately preceded by a "BTILT PIVOT" command. Rotations are always assumed to be measured in degrees.

BTILT PIVOT , (x , (y , (z xe "BTILT PIVOT (Command)[LENS]" - The "BTILT PIVOT" command must be issued before a "BTILT" command for it to be effective. It specifies an alternate x, y and z-location, specified with respect to the vertex of surface "i", will be the pivot point for the next "BTILT" command. 

BTILT PIVAUTO , (x , (y , (z xe "BTILT PIVAUTO (Command)[LENS]" - The "BTILT  PIVAUTO" command must be issued before a "BTILT" command for it to be effective. It specifies that the alternate x, y and z -location of the pivot point to be used in the next "BTILT" command will be equal to the x, y and z-intersection of the last chief ray traced with the first surface of the lens group to which the following "BTILT" is applied. The automatically calculated pivot location will then be incremented by the (x, (y and (z values, if they are included. If no chief ray data is available, a warning message will be issued and no action will be taken. 

FLIP i , j xe "FLIP (Command)[LENS]" - The "FLIP" command reverses the order in which the lens database surfaces "i" through "j" appear in the current lens database. During the "FLIP" process, all tilts, decenters, solves and pikups are deleted in the surface number range. "FLIP" only acts on the main configuration of the lens so if there are alternate configuration definitions assigned to the surfaces in the surface number range, they are not changed by the "FLIP" command. "FLIP" also does not change any special surface definitions. 

HUMAN EYE MODELStc "HUMAN EYE MODELS" \l 3 \f A - xe "Human Eye Aberrations" xe "Simulating the Human Eye"Many times it is important to be able to simulate the aberrations of the human eye when evaluating the performance of an optical system. Two long standing optical models of the human eye have been included in this program. The models are taken from MIL-HDBK-141 and from the Handbook of Optics. The prescriptions are stored in the files HUMEYE01.DAT and HUMEYE02.DAT respectively. They may be retrieved as the current lens using the "INPUT FILE (file name)" command and then manipulated with the "LENADD" command and the lens library commands.

LENS DATABASE GRAPHICStc "LENS DATABASE GRAPHICS" \l 2 \f A - All graphical xe "Lens database graphics"displays and representations of the lens database are described in the GRAPHICS section of the manual.

SPECIAL NSS SURFACES tc "SPECIAL NSS SURFACES" \l 2 \f A
CCR , apex_length , error12_arcsec , error23_arcsec , error31_arcsec - The "CCR" command causes a special type of single surface corner cube reflector to be inserted as new surface "i". This is a "pre-packaged" type of NSS surface which acts and is drawn as a real corner cube reflector but only takes one lens database surface to model. The "apex_length" is the perpendicular distance from the base to the apex. The surface location is at the CCR apex. The "apex_length" is only used to determine the location of the base of the CCR for CAD and plotting purposes and is measured along the local Z-axis. The nominal roof angles are always 90 degrees. The 1-2 lies in the local YZ-plane. The 2-3 edge lies on the +X-side of the local YZ-plane and the 3-1 edge lies on the -X-side of the local YZ-plane. Angle "errors" are entered in arc-sec and is an error applied to the nominal 90 degree roof angles. The reflection mode will set by the use of "REFL" or "REFLTIRO" in the lens database.

ROO , apex_length , error_arcsec xe "ROO (Command)[LENS]" - The "ROO" command causes a special type of single surface "roof" type of surface to be inserted as new surface "i". This is a "pre-packaged" type of NSS surface which acts and is drawn as a roof reflector but only takes one lens database surface to model. The "apex_length" is the perpendicular distance from the roof base to the roof apex. The nominal roof angle is always 90 degrees.  The "apex_length" is the perpendicular distance from the base to the apex. The surface location is at the ROOF apex. The "apex_length" is only used to determine the location of the base of the roof for CAD and plotting purposes and is measured along the local Z-axis. The "error" is entered in arc-sec and is an error applied to the nominal 90 degree roof angles. The reflection mode will set by the use of "REFL" or "REFLTIRO" in the lens database.

RAY ERROR SURFACE FLAG tc "RAY ERROR SURFACE FLAG" \l 2 \f A
RAYERROR , ray error in arc-sec xe "RAY ERROR(Command)[LENS]" - The "RAYERROR" command designates the current surface to be an imperfectly manufactured surface for which random surface errors such as surface roughness exist. The error is expressed as the one sigma ray angle deviation in arc-seconds. The angular distribution of the error is assumed to be gaussian but the gamma orientation is distributed uniformly. The error is applied to a ray and to its associated differential rays (if they exist). The error is applied after any other ray surface interactions occurr. Issued from the CMD level, this command lists all the non-zero RAYERROR settings in the current lens configuration. If all RAYERROR settings are zero, no output is produced.
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