tc "PARAXIAL SECTION" \f A
PARAX-GENERAL INFORMATIONtc "PARAXIAL-GENERAL INFORMATION" \l 2 \f A - All of the commands and optical system analysis functions described in this section pertain to the so called "paraxial" ray trace, based upon simplifying assumptions with respect to real trigonometric ray tracing equations. The results of a paraxial ray trace can lead to a deep understanding of the nature of a specific optical design. The paraxial ray trace is an absolute necessity when a good starting point design does not already exist. The paraxial ray trace ignores all tilts and decentrations. Its results depend only on curvatures, spacings and optical materials. The paraxial ray trace is "extended" to 3rd, 5th and 7th order aberration analysis. I so doing, conic constants and the 4th, 6th and 8th order aspheric deformation coefficients come into play. All commands described in this section are issued from the CMD program level.

WHEN IS THE TRACE PERFORMEDtc "WHEN IS THE TRACE PERFORMED" \l 2 \f A - The paraxial ray trace is performed , at the control wavelength, every time the lens database is modified. The trace is initiated when the "EOS" or "END" command completes a phase of lens modification. The trace is performed each time the lens changes from one alternate configuration to another. The trace is kept up to date with respect to paraxial solves and with respect to surface parameter "PIKUP"s. The trace is also performed at other wavelengths when requests for first order chromatic values are made. When 3rd, 5th and 7th order data is requested, these aberrations are automatically computed from the paraxial ray trace. The paraxial ray trace should be considered to "always" exist. No specific action on the part of the designer is required inorder to have the latest paraxial ray trace data available for analysis, optimization or tolerancing.

ZEROTH ORDER DATA DISPLAYS tc "ZEROTH ORDER DATA DISPLAYS" \l 2 \f A
WEIGHT (qualifier word) , i , jxe "WEIGHT (Command)[PARAX]" - The "WEIGHT" command calculates the weight of an element or group of elements based upon the assumptions that all surfaces are centered (no tilts or decenters) and that all surface profiles are either plano or sphericalxe "element weight"". The calculation uses the specific gravity entered in the lens database using the "SPGR" command. If the qualifier word "ACC" is used, no display occurs but the weight, in Kilograms, is placed in the accumulator (X-register). For mirror surfaces with a non-zero THM assigned, this mirror thickness is used in the calculation.

COST (qualifier word) , i , jxe "COST (Command)[PARAX]" - The "COST" command calculates the cost of an element or group of elements based upon weight and price per unit weight. The associated weight calculation is based upon the assumptions that all surfaces are centered (no tilts or decenters) and that all surface profiles are either plano or sphericalxe "element price"". The calculation uses the specific gravity and price per Kg, entered in the lens database using the "SPGR" and "PRICE" commands. If the qualifier word "ACC" is used, no display occurs but the COST in "pricing units", is placed in the accumulator (X-register). For mirror surfaces with a non-zero THM assigned, this mirror thickness is used in the calculation.

DISPLAYING FIRST ORDER CONDITIONS tc "DISPLAYING FIRST ORDER CONDITIONS" \l 2 \f A
OCDY , i xe "OCDY (Command)[PARAX]" and OCDX , i xe "OCDX (Command)[PARAX]" - The "OCDY" and "OCDX" commands display the first order operating conditionsxe "first order operating conditions" of the current lens in either the YZ or the XZ-plane. Specific displayed data is determined by the paraxial raytrace and mode of the lens. "i" designates the wavelength number for which the values are to be calculated. If no "i" value is entered, the control wavelength is used. The default control wavelength number is 1.
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Surface "i" is the final surface in the lens. EFLxe "EFL" is the paraxial effective focal length. BFDxe "BFD" is the axial distance from surface "i"-1 to surface "i", "i" being the last surface of the lens. LENGTHxe "LENGTH" is the axial distance from surface 1 to "i:-1. OAL is the axial distance from the object surface to surface "i". T-MAGxe "T-MAG", the tangential magnification, is the ratio of the chief paraxial ray height at surface I to the chief paraxial ray height at the object surface. A-MAG,  the afocal magnification, is the ratio of the slope of the paraxial chief ray after it leaves surface "i"-1 to the slope of the paraxial chief ray before it interacts with surface 1. EX P DIST is the axial distance from surface "i"-1 to the paraxial exit pupil. EX P RADxe "EX P RAD" is the semi-diameter of the paraxial exit pupil. F-NUMxe "F-NUM" is the paraxial f-number. IMG F-NUMxe "IMG F-NUM" is the image space paraxial f-number for a non-infinite distant object. GIH, the gaussian image height, is the height of the paraxial chief ray at surface I.

SURFACE DEPENDENT DATAtc "SURFACE DEPENDENT DATA" \l 2 \f A - Many of the following commands generate the display of dataxe "display of surface depentent data" which is dependent upon a lens database surface number. This may be entered as a qualifier word or as numeric word #1. The qualifier words "OB" or "OBJ" will cause data to be displayed for the object surface only. The qualifier word "ALL" will generate data for all surfaces and some system totals. If no qualifier word is entered but explicit, non-negative numeric word #1 entry is made, a line of data is produced for the surface whose number "i" is specified by numeric word #1. If no qualifier or numeric entry is made, either final surface data or system total data is displayed depending upon the specific command entered. If a negative value is entered for the surface number, 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.

THE ALL COMMAND tc "THE ALL COMMAND" \l 2 \f A
ALL (ON or YES or OFF or NO)  xe "ALL (Command)[PARAX]"Any program command which can take surface number input or the qualifier word input "ALL" and has the characteristic behavior that when that command is entered with no input, data for the final lens surface is printed can be impacted by the "ALL" command. If "ALL" is set to "ON", the default behavior of that command will be to assume that the "ALL" qualifier word had been issued with that command. The default setting for "ALL" will be "OFF". If it is desired to have "ALL" always set to "ON", place the "ALL ON" command in the DEFAULTS.DAT file in the main program directory. It will be executed whenever the program is run. 

SPECIFIC PARAXIAL RAY DATA tc "SPECIFIC PARAXIAL RAY DATA" \l 2 \f A
PXTY (ALL or OB or OBJ) or , i xe "PXTY (Command)[PARAX]" and PXTX (ALL or OB or OBJ) or , i xe "PXTX (Command)[PARAX]" - The "PXTY" and "PXTX" commands output the YZ or XZ-plane, paraxialxe "paraxial ray data" marginal ray heights, paraxial marginal ray slopes (tangents), paraxial chief ray heights and paraxial chief ray slopes (tangents). This data may be output for "ALL" surfaces, for the object surface ("OB" or "OBJ") or for surface "i". Output is performed for the current control wavelength.

PITY (ALL or OB or OBJ) or , i xe "PITY (Command)[PARAX]" and PITX (ALL or OB or OBJ) or , i xe "PITX (Command)[PARAX]" - The "PITY" and "PITX" commands output the YZ or XZ-plane, paraxial marginal ray heights, paraxial marginal ray slope of incidence (tangent), paraxial chief ray heights and paraxial chief ray slope of incidence (tangent). This data may be output for "ALL" surfaces, for the object surface ("OB" or "OBJ") or for surface "i". Output is performed for the current control wavelength.

PRTY (ALL or OB or OBJ) or , i xe "PRTY (Command)[PARAX]" and PRTX (ALL or OB or OBJ) or , i xe "PRTX (Command)[PARAX]" - The "PRTY" and "PRTX" commands output the YZ or XZ-plane, paraxial marginal ray heights, paraxial marginal ray exitance slope (tangent), paraxial chief ray heights and paraxial chief ray exitance slope (tangent). This data may be output for "ALL" surfaces, for the object surface ("OB" or "OBJ") or for surface "i". Output is performed for the current control wavelength.

FIRST ORDER CHROMATIC ABERRATIONS tc "FIRST ORDER CHROMATIC ABERRATIONS" \l 2 \f A
FCHY (ALL or OB or OBJ) or , i xe "FCHY (Command)[PARAX]" and FCHX (ALL or OB or OBJ) or , i xe "FCHX (Command)[PARAX]" - These commands display first order chromatic aberrationsxe "first order chromatic aberrations" in the YZ and XZ-plane. Output consists of four values per surface. The primary aberrations are computed for the wavelength pair set by "PCW". The secondary aberrations are computed for the wavelength pair set by "SCW". The display will be converted to transverse or angular units or will be left unconverted (determined by the current lens MODE). Output may be produced at one or all surfaces. All values given for any surface are either always converted or not converted. Issuing any of the following commands with no numeric surface input data "i" causes only the aberration totals to be displayed. Paraxial data in the YZ or XZ-plane is used for aberrations in the YZ and XZ-planes, respectively. All aberrations are calculated at the current control wavelength. Calculations are based on equations described in Mil-Handbook 141.
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CHROMATIC FOCUS SHIFTS tc "CHROMATIC FOCUS SHIFTS" \l 3 \f A
CHRSHIFT xe "CHRSHIFT (Command)[PARAX]"The "CHRSHIFT" command generates a table of paraxial focus shifts versus wavelength. For paraxial marginal rays, longitudinal focus shift in microns (FOCAL and UFOCAL systems) or marginal ray angle deviation in micro-radians (AFOCAL and UAFOCAL systems) is tabulated versus wavelength in microns. Shifts (deviations) are with respect to the paraxial marginal ray at the control wavelength. For paraxial chief rays, lateral ray shift in microns (FOCAL and UFOCAL systems) or chief ray angle deviation in micro-radians (AFOCAL and UAFOCAL systems) is tabulated versus wavelength in microns. Shifts (deviations) are with respect to the paraxial chief ray at the control wavelength. After it is generated, graphical display of this data is generated using the "PLTCSHIFT" .

CHROMATIC FOCUS SHIFT PLOTS tc "CHROMATIC FOCUS SHIFT PLOTS" \l 2 \f A
PLTCHRSH (optional qualifier) xe "PLTCHRSH(Command)[PARAX]" -The "PLTCHRSH"xe "chromatic focus plots" command causes a plot of the paraxial chromatic focus shift data. The default is to plot YZ-plane data. Using the optional qualifier word “X” causes the XZ-plane data to be plotted.

OTHER PARAXIAL DISPLAYS tc "OTHER PARAXIAL DISPLAYS" \l 2 \f A
FIRD (QUIET) , i , j , (() xe "FIRD (Command)[PARAX]" - The "FIRD" command displays the YZ-plane, xe "EFL, BFL and FFL"paraxial effective focal length (EFL), back focal length (BFL), front focal length (FFL) and the principle plane positions PP1 and PP2 for the sub-set of the current lens beginning at surface "i" and ending with surface "j". If "(" is not explicitly entered, then the values are calculated at the current control wavelength for the active lens configuration. If "(" has been entered explicitly, then "(" is interpreted as a "temporary" and "new" control wavelength in microns. After the calculation, the original control wavelength is restored. The yz-plane EFL, BFL, FFL, PP1 and PP2 values are placed general purpose storage registers 1 to 5. The xz-plane EFL, BFL, FFL, PP1 and PP2 values are placed general purpose storage registers 6 to 10. Make sure that solves are not in effect which could modify curvatures of thicknesses which would in themselves change the final answer. If the qualifier word "QUIET" is issued, the EFLY, BFLY, FFLY, PPY1. PPY2, EFLX, BFLX, FFLX, PPX1 and PPX2 will be stored in the first ten general purpose storage registers without any screen display.

INVAR xe "INVAR (Command)[PARAX]" - The "INVAR" command displays the YZ and XZ-plane, paraxial optical invarientsxe "paraxial optical invarient" for the current lens at the control wavelength for the active lens configuration.

DR/FR (qualifier word) , r , D , ( xe "DR/FR (Command)[PARAX]" - The "DR/FR" command calculates the exact "delta radius per fringexe "delta radius per fringe"" for a spherical optical surface whose radius of curvature is "r" lens units. The calculation is performed for a part diameter equal to "D" lens units. The wavelength of fringe interpretation is ( (in microns). In the absence of a qualifier word, the result is displayed at the current output device. If the qualifier word "ACC" is used, no display occurs but resultant delta radius per fringe (in the units of the current lens) is placed in the accumulator (X-register). "r" and "D" must be explicitly entered in lens units. The default value for ( is 0.5461 micron. Consider this a useful "side calculation" as it is not based on lens database values.

OUTFLAT (qualifier word) , m , D , ( xe "DR/FR (Command)[PARAX]"The "OUTFLAT" command calculates the exact curvature for a circular optical surface which is "out of flatxe "curvature out of flat"" by "m" fringes of power. The calculation is performed for a part diameter equal to "D" lens units. The wavelength of fringe interpretation is ( (in microns). In the absence of a qualifier word, the result is displayed at the current output device. If the qualifier word "ACC" is used, no display occurs but curvature (in the inverse units of the current lens) is placed in the accumulator (X-register). "m" and "D" must be explicitly entered. The default value for ( is 0.5461 micron. "m" need not be an integer. Consider this a useful "side calculation" as it is not based on lens database values.

THIRD, FIFTH, SEVENTH ORDER ABERRATIONS tc "THIRD, FIFTH AND SEVENTH ORDER ABERRATIONS" \l 2 \f A - The following commands display transverse or angular measures or unconverted aberration coefficients (determined by the current lens MODE) of the xe "third order seidel aberrations"third and xe "fifth and seventh order aberrations"fifth order aberrations and seventh order spherical aberration. Output may be produced at one or all surfaces just as was done for the paraxial ray data. All values given for any surface are either always converted or not converted. Issuing any of the following commands with no numeric surface input data "i" causes only the aberration totals to be displayed. Paraxial data in the YZ or XZ-plane is used for aberrations in the YZ and XZ-planes, respectively. All aberrations are calculated at the current control wavelength. All third, fifth and seventh order aberration calculations are based upon the work of Dr. H. A. Buchdahl and we use the equations which first were used in the ORDEALS program at the University of Rochester.

MAB3 (ALL or OB or OBJ) or , i xe "MAB3 (Command)[PARAX]" and XMAB3 (ALL or OB or OBJ) or , i xe "XMAB3 (Command)[PARAX]" - These commands display YZ or XZ-plane, third order monochromatic spherical aberration, coma, astigmatism, distortion and Petzval sum. Using the qualifier word "ALL" not only displays aberration contributions at each surface but also the aberration totals. If "i" is left blank and no qualifier word is used, only the aberration totals will be displayed. All aberrations are calculated at the current control wavelength.

MAB5 (ALL or OB or OBJ) or , i xe "MAB5 (Command)[PARAX]" and XMAB5 (ALL or OB or OBJ) or , i xe "XMAB5 (Command)[PARAX]" - These commands display YZ or XZ-plane, fifth order monochromatic, intrinsic surface plus transferred spherical aberration, coma, astigmatism, distortion and Petzval sum. Using the qualifier word "ALL" not only displays aberration contributions at each surface but also the aberration totals. If "i" is left blank and no qualifier word is used, only the aberration totals will be displayed. All aberrations are calculated at the current control wavelength.

MABX5 (ALL or OB or OBJ) or , i xe "MABX5 (Command)[PARAX]" and XMAB5 (ALL or OB or OBJ) or , i xe "XMABX5 (Command)[PARAX]" - These commands display YZ or XZ-plane, fifth order, extended, monochromatic, tangential oblique spherical aberration (TOBSA), sagittal oblique spherical aberration (SOBSA), elliptical coma (ELCMA), tangential astigmatism (TAS) and sagittal astigmatism (SAS). Using the qualifier word "ALL" not only displays aberration contributions at each surface but also the aberration totals. If "i" is left blank and no qualifier word is used, only the aberration totals will be displayed. All aberrations are calculated at the current control wavelength.

SA357 (ALL or OB or OBJ) or , i xe "SA357 (Command)[PARAX]" and XSA357 (ALL or OB or OBJ) or , i xe "XSA357 (Command)[PARAX]" - These commands display YZ or XZ-plane, third, fifth and seventh order, monochromatic, spherical aberrations SA3, SA5 and SA7. Using the qualifier word "ALL" not only displays aberration contributions at each surface but also the aberration totals. If "i" is left blank and no qualifier word is used, only the aberration totals will be displayed. All aberrations are calculated at the current control wavelength.

MAB5I (ALL or OB or OBJ) or , i xe "MAB5I (Command)[PARAX]" and XMAB5I (ALL or OB or OBJ) or , i xe "XMAB5I (Command)[PARAX]" - These commands display YZ or XZ-plane, intrinsic surface componentxe "intrinsic surface component aberrations" of fifth order monochromatic, spherical aberration, coma, astigmatism, distortion and Petzval sum. Using the qualifier word "ALL" not only displays aberration contributions at each surface but also the aberration totals of the intrinsic surface components. If "i" is left blank and no qualifier word is used, only the aberration totals will be displayed. All aberrations are calculated at the current control wavelength.

MABX5I (ALL or OB or OBJ) or , i xe "MABX5I (Command)[PARAX]" and XMABX5I (ALL or OB or OBJ) or , i xe "XMABX5I (Command)[PARAX]" - These commands display YZ or XZ-plane, intrinsic surface component of fifth order, extended, monochromatic tangential oblique spherical aberration (TOBSA), sagittal oblique spherical aberration (SOBSA), elliptical coma (ELCMA), tangential astigmatism (TAS) and sagittal astigmatism (SAS). Using the qualifier word "ALL" not only displays aberration contributions at each surface but also the aberration totals. If "i" is left blank and no qualifier word is used, only the aberration totals will be displayed. All aberrations are calculated at the current control wavelength.

SA357I (ALL or OB or OBJ) or , i xe "SA357I (Command)[PARAX]" and XSA357I (ALL or OB or OBJ) or , i xe "XSA357I (Command)[PARAX]" - These commands display YZ or XZ-plane, third order spherical aberration, SA3, and the intrinsic surface component of  fifth and seventh order, monochromatic spherical aberration, SA5 and SA7. Using the qualifier word "ALL" not only displays aberration contributions at each surface but also the aberration totals. If "i" is left blank and no qualifier word is used, only the aberration totals will be displayed. All aberrations are calculated at the current control wavelength.

MABP3 (ALL or OB or OBJ) or , i xe "MABP3 (Command)[PARAX]" and XMABP3 (ALL or OB or OBJ) or , i xe "XMABP3 (Command)[PARAX]" - These commands display the following YZ or XZ-plane, third order monochromatic, exit pupil aberrations: spherical aberration, coma, astigmatism, distortion and Petzval sum. Using the qualifier word "ALL" not only displays aberration contributions at each surface but also the aberration totals. If "i" is left blank and no qualifier word is used, only the aberration totals will be displayed. All aberrations are calculated at the current control wavelength.

THIRD, FIFTH, SEVENTH CHROMATIC VALUES tc "THIRD, FIFTH AND SEVENTH CHROMATIC VALUES" \l 2 \f A
PCD3 (ALL or OB or OBJ) or , i xe "PCD3 (Command)[PARAX]" and XPCD3 (ALL or OB or OBJ) or , i xe "XPCD3 (Command)[PARAX]" - These commands display YZ or XZ-plane, third order chromatic differencesxe "aberration chromatic differences" of spherical aberration, coma, astigmatism, distortion and Petzval sum. Using the qualifier word "ALL" not only displays aberration contributions at each surface but also the aberration totals. If "i" is left blank and no qualifier word is used, only the aberration totals will be displayed. All aberrations are calculated at the current control wavelength. The displayed aberration values are the aberration differences of the third order aberrations at the primary wavelength pair wavelengths. These two wavelengths are set by the "PCW" command. The following commands display primary chromatic differences of the aberrations generated by "MAB5", "XMAB5", "MABX5", XMABX5", "MABP3", "XMABP3", "SA357" AND "XSA357" :

PCD5 (ALL or OB or OBJ) or , i xe "PCD5 (Command)[PARAX]" and XPCD5 (ALL or OB or OBJ) or , i xe "XPCD5 (Command)[PARAX]"
PCDX5 (ALL or OB or OBJ) or , i xe "PCDX5 (Command)[PARAX]" and XPCDX5 (ALL or OB or OBJ) or , i xe "XPCDX5 (Command)[PARAX]"
PCDP3 (ALL or OB or OBJ) or , i xe "PCDP3 (Command)[PARAX]" and XPCDP3 (ALL or OB or OBJ) or , i xe "XPCDP3 (Command)[PARAX]"
PCDSA (ALL or OB or OBJ) or , i xe "PCDSA (Command)[PARAX]" and XPCDSA (ALL or OB or OBJ) or , i xe "XPCDSA (Command)[PARAX]"
The following commands display secondary chromatic differences of the third, fifth and seventh order aberrations. They use the secondary wavelength pair which can be set using the "SCW" command:

SCD3 (ALL or OB or OBJ) or , i xe "SCD3 (Command)[PARAX]" and XSCD3 (ALL or OB or OBJ) or , i xe "XSCD3 (Command)[PARAX]"
SCD5 (ALL or OB or OBJ) or , i xe "SCD5 (Command)[PARAX]" and XSCD5 (ALL or OB or OBJ) or , i xe "XSCD5 (Command)[PARAX]"
SCDX5 (ALL or OB or OBJ) or , i xe "SCDX5 (Command)[PARAX]" and XSCDX5 (ALL or OB or OBJ) or , i xe "XSCDX5 (Command)[PARAX]"
SCDP3 (ALL or OB or OBJ) or , i xe "SCDP3 (Command)[PARAX]" and XSCDP3 (ALL or OB or OBJ) or , i xe "XSCDP3 (Command)[PARAX]"
SCDSA (ALL or OB or OBJ) or , i xe "SCDSA (Command)[PARAX]" and XSCDSA (ALL or OB or OBJ) or , i xe "XSCDSA (Command)[PARAX]"
If there are solves defined in a lens, then all aberration calculations involving the primary wavelength pair or the secondary wavelength pair are performed using lens data established with solves at the control wavelength only ! The third order coma term is tangential coma. Sagittal coma is 3 times smaller than tangential coma. The third order Petzval sum (PTZ3) is equivalent to what some call the Petzval blur. The Petzval curvature is not output by the above commands but is "GET-able" using the "GET PTZCV" and "GET XPTZCV" commands.

OTHER PLACES FOR PARAXIAL DATA tc "OTHER PLACES FOR PARAXIAL DATA" \l 2 \f A - Paraxial, first order chromatic and 3rd, 5th and 7th order data is also available using the "GET" command described in the PARAX manual section. The same data is available in optimization and tolerancing as described in the OPTIM and TOLER operand listings.


