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First/Third Order Analysis 18-7
The First/Third Order Analysis (ANA) option computes simple diagnostic analyses of the optical
system including: first-order traces and third-order aberrations, pattern ray traces and wave
aberrations, and higher-order ray aberration analyses.

Gaussian Beam Trace 18-27
The Gaussian Beam Trace (BEA) option traces a “slow” Gaussian beam through an optical system,
using propagation equations and calculates at each surface the beam radius, beam orientation,
wavefront radius of curvature, waist position and waist radius.

Catseye Plot 18-39
The Catseye Plot option (CAT) plots the appearance of designated surface edges as viewed on the
entrance pupil plane from the object points.

Field Curves 18-43
The Field Curves option (FIE) computes and, on request, plots the distortion and astigmatic field
curves of the lens as a function of the field; for rotationally asymmetric lenses, a field map of
astigmatism is provided. A table of scan linearity is also available.

Paraxial Ray Trace 18-59
The Paraxial Ray Trace feature (FIO) allows you to perform a first-order ray trace. You can also list
first-order system parameters using the First Order Data feature (FIR).

Field Map 18-63
The Field Map (FMA) option produces plots of ficld-dependent performance parameters including
distortion, astigmatism, RMS spot diameter, and RMS wavefront error. FMA produces plots for
each zoom position. FMA can also produce a table or plot of cumulative diffraction efficiency over

the field for all diffractives defined in the system, as well as a table of Bragg diffraction efficiency

for systems with volume HOEs.

Footprint Plot 18-91
Footprint Plot (FOO) provides for clearance checking between adjacent surfaces and for drawing the
used portion of designated surfaces.
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FOV - Biocular Field of View Plot 18-113
The Biocular Field of View Plot draws the available field of view (FOV) in azimuth and elevation
of the object space for each designated eye point.

PMA - Pupil Map 18-127
The Pupil Map (PMA) option displays functions in the exit pupil: wave aberrations, pupil intensity,
surface codes for ray failure, HOE spatial frequencies, and properties of polarized beams.

RIM - Ray Aberration Curves/OPD Aberration Curves 18-155
The Ray Aberration Curves option (RIM) plots ray or wave aberrations vs. ray position in the
aperture for X and Y fans.

RSI/SIN-Real Ray Trace 18-165
The Real Ray Trace feature (RSI/SIN) allows you to trace single rays in designated wavelengths,
with user-defined formatting.

THO - Third Order Aberrations 18-181
The Third Order Aberrations (THO) feature allows you to perform third-order surface-by-surface
contributions and sums.

Macros to Perform Diagnostic Analyses 18-183
Several CODE V supplied macros provide useful diagnostic analyses. This section provides a quick
summary of the macro capabilities, and points you to more information about how to use them.

Options
ANA - First/Third Order ANALYSIS ......ceccveeiieieriiiierieitiesiesieeteseeteteesesteessesseesaessesseesesssessesssessensesseessenses 18-7
BEA - Gaussian Beam TTACE .....c..cceeouieiieiiiieiieiieiesteiestete et ete et esseses e beeseesseessesessaesseessessesssessesssesenes 18-27
CAT = CAtSEYE PLOT .ovieviiiieieciieieeteee ettt ettt ettt ettt e e et e b e ess e beeseesseeseesseeseesseessessasssensenssensenns 18-39
FIE = FICIA CUIVES .vioeiiiieiie ettt ettt sttt e et e b e e tbesbeeseesbeessesseesaessesssesseessensenseensenns 18-43
FIO = Paraxial RAY TTACE ....cccecceeiiieciiiieieeiieieste ettt eie sttt e et e et eesbeesaesbeesaeseeseesessaessesssessesssessenssensanns 18-59
FMA = FICIA MAD coiiiieiiiieie ettt ettt sttt et sttt et e s te e s e eteesseesaesseesaensesseessesssensanssessenssansens 18-63
FOO = FOOLPIINE POt ..ootiiiiiiiiieiiiciesie ettt ettt ettt sttt e st st e ess e baesaeeseesseeseeseesseessensanssessenssansenes 18-91
FOV - Biocular Field of VIEW POt .......ccooiviiiiiiiciiiieiece ettt 18-113
Macros to Perform Diagnostic ANALYSES ........ccveviiriiieieriiiiesiieiesteet ettt ereeseseeesaeseesessaessessaessesssesseessessenses 18-183
PMA = PUPIL MAD oottt sttt ettt et et esb e s te e b e e ae e b e st e b e ess et et b enteeaeenseenes 18-127
RIM - Ray Aberration Curves/OPD ADErration CUIVES ........cc.eeviereerrieriereenieieeresieeeesseesesseesesseessenses 18-155
RSI/SIN- REAl RAY TTACE ..veiveiieiiiiieieciieieeteeie st et et ete st sseete et e et esbeessesseessesseesaesseessesseessessanssensenseensenses 18-165
THO - Third Order ADEITAtIONS .......cccuevvieviriieiiierietieeeeeseeteseeesesseessesseessesseesesseessesssessesssessesssessensenses 18-181
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Figure 1. Default ray grid for ANARAYS ..o oottt s neas 18-15
I Figure 2. Diagram of general ray in ANA ......ccooi oottt see e nnees 18-15
D Figure 3. Ray trace outPUL data ........ccccevieiiieieiieieieeeee ettt ettt et et esse e sneennenneas 18-17
CAT - Catseye Plot
FAGUIE 1. PLOt COAES ..nieniieniiiiiiietiet ettt ettt sttt b et s b et b e e eb et e bt s seenbeemeebeas 18-41
IndexesI Figure 2. CAT OUtput fOr three SUITACES ........o.ovovveeeeeeeeeeeeeeeeeeeeeeeee oo 18-42
FIE - Field Curves
Figure 1. FIE plotted OULPUL .....ocuiiiiiieeeee ettt sttt eae et sae e e saeeneeneas 18-50
Search Figure 2. Enhanced FIE plotted OULPUL ........eoiuiiiiiiiiiieieeee et 18-51
Figure 3. FIE;FFD plotted output; centered triplet ...........ccooirieiieienieee e 18-53
Figure 4. FIE;FFD plotted output; decentered triplet ............cceverieiiiieiiiieeeiee e 18-54
Figure 5. CODE V diStortion calCulation ............cccooierieiieiieniieiese et 18-57
FMA - Field Map
Figure 1. Layout of sample volume holOgram...........ccocieiiriieiiinieiiinieieeeeie st e e see e enees 18-84
Figure 2. Plot of Bragg diffraction efficiency using FIMA ........c.cocoooiiiieoiiiieeceeeeeee e 18-85
Figure 3. Plot of two-dimensional distortion using FIMA .........ccccoeviiiieiiinieieeeeeete e 18-86
Figure 4. Full field display (FFD) of coma with and without anamorphic scaling (ASC) .....c..cccceueuvee. 18-87
Figure 5. CODE V uncalibrated distortion calculation .............ccccceevverieiiieieniinieiieiesie e 18-89
Figure 6. Schematic of distortion Calibration .............cccoeievierieriiiiieieiieieeceie et 18-90
FOO - Footprint Plot
Figure 1. Example of FOO output showing optional linestyles and legends ..........cccceevveecierieenieennn.. 18-107
Figure 2. Example of FOO output fOr SYSTEM .....ccevviiiieriieiiieiieeie et eseeeeie et eeeiee e enveeseveeaeesene s 18-108
Figure 3. Example of FOO showing grid mode (BOU N) .....cccoieviiiiiiiiiieiieieeeeeee e 18-109
Figure 4. Example of FOO showing surface conflict .........cccccoevieriiiriieniieiiierieeee e 18-110
FOV - Biocular Field of View Plot
Figure 1. FOV option determines field of view coverage as seen from each eye location ................... 18-113
Figure 2. Example of FOV option with a biocular ............cceccovieiiiiiiiiieeeeeee e 18-122
Figure 3. FOV plot with line styles and le@ends ...........cocooieiiiiiiinieiiee e 18-123
Figure 4. Layout of dual glazed HUD ........ccccooiiiiiiiieee e e 18-125
Figure 5. FOV plot for dual glazed HUD ........ccooiiiiiiiee e e 18-126
PMA - Pupil Map
Figure 1. Exit pupil plane coordinates used for Zernike fits ..........ccccvevieviirieriereeienieeseereseeve e 18-142
Figure 2. Exit pupil sphere coordinates used for Zernike fits .........ccooveveecieriecieninciene e, 18-143
Figure 3. PMA PErSPECTIVE PLOT ..ocvviiieeieiieeieiieiesieeeteste et e ste st eteeete e eteesseessessesssesesssessesssensensesssessenses 18-146
Figure 4. PMA contour plot with numbers SUPPressed .........ccoovvevvirierieiieriiiieieeeeieeeeie e 18-147
Figure 5. PMA raster diSplay OULPUL ......cceecvierierieiiieiirieeiesieetesieetesteeseeteesestesseessesssesaessaessesssessensenss 18-148
RIM - Ray Aberration Curves/OPD Aberration Curves
Figure 1. Default RIM plot for COOKE trIPIEt ......ccueeruieiiieiieeiieiieeee ettt sve e e e s 18-161
Figure 2. Enhanced RIM OULPUL .......cccveiiiiiiiiiiecie ettt ettt ettt e aeesaeesveessaessaeensaensaensae s 18-162
Figure 3. Possible input changes for @ ZoOm 1€NS .........ccceeeiiiiieriieiiieice e 18-163
Figure 4. Exclusion of blocked rays from RIM OUtPUL ........ocvieiieiiiiciiiieeieeiece e 18-164
RSI/SIN-Real Ray Trace
Figure 1. Data inputs fOr SIN ......ooiiiiiiieieee ettt e e e 18-167
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ANA - First/Third Order Analysis
Example 1. Third-0rder OULPUL........c.ccviiieieiiciieie ettt sttt ettt ae e sveesaessessaesbeessensesseennenes 18-14
Example 2. Ray trace analysis OULPUL.  ....c.ccceecviiieriiiieiieieiieeieie e steestesaeesaesreesaesteessesseesseeseessesseesnenes 18-16
Example 3. Surface-by-surface ray traCe ..........cocceciviieriiiiieniieiesiieienie ettt re e ese e s steesbeesee s eeas 18-17
Example 4. Higher-order analySis. ......ccccccecievierieiieriiiieniesiesieeiesieeeesteeseesseeseesseesaessesssesseessessesseessenses 18-21
BEA - Gaussian Beam Trace
Example 1. SImMple fOCUSING 10MS. ..eouiiiiiiiiieiieciieeie ettt e e e e beessbeeteesebeeseensee s 18-33
Example 2. A faster simple foCUSING L8NS, .....oouiiiuiiiiiiiiiiiieieee e e 18-35
Example 3. Tilted anamorphiC SYStEIM ......c..ecuieriiiiieeiieiieeieesie et estee et steeeeeeseeesaeebeeseaeeseesesesnseenseens 18-36
Example 4. Fiber OptiCS COMPONENL.........eeruieriieiierieeieestieeteeteeseeeeteeseeeseeseesssesseesseeasseesseesssesssesnseens 18-37
CAT - Catseye Plot
Example 1. Catseye Plot of wide angle lens with critical surfaces shown (Figure 2). ........ccccvevvvevennenne. 18-42

FIE - Field Curves
Example 1. The minimum input possible for both listing (Table 1) and plotted output (Figure 1)

FOr @ COOKE tIIPLEL LENS. ...uietiieieiieiieiteeieie ettt ettt ettt et te et et et e e e e e beessesseeseesseessesseessensesssensenes 18-50
Example 2. Add LSA (longitudinal spherical aberration) to the plot and user-selected plot

scales for the Cooke triplet (FIZUIE 2). ..cc.iiieieiieieiiieieeiieiertt ettt se et s et sbe e eae e 18-51
Example 3. Use the LIN command, to obtain a listing of F-theta linearity (Table 2). .......c..cceeverueennnne. 18-52
Example 4. Full-field display of centered triplet (Figure 3). ....c.occveeveviivienieieceee e 18-53
Example 5. Full-field display of the decentered triplet (Figure 4).........cccovveveereeierieniieieieeeeve e 18-54
Example 6. One table (of the 15 generated) corresponding to one row (constant Y field points)

of the Figure 4 input (TabIe 3). ....ccouiiiiiiiieiicieieetee ettt sbe s e sbeessesbeesaensens 18-55

FMA - Field Map

Example 1. 2D field display of diffraction sine wave MTF .........ccccocviiiienieniiiiieceeee e 18-80
Example 2. Circular FI@IA .......ooviiiiiiiiiiie ettt e ae et e s e e aeeseaeenbeenbeeseaesnsaensee s 18-81
Example 3. 1D field display of diffraction sine wWave MTF .........ccccccvvviiiinieniiieiieceeceeseeee e 18-82
Example 4. Full field display of diffraction effiCIencCy. .......cccoevvirriiiiiiiiierieeiieeeee e 18-85
Example 5. Full field display of diStOTtion.........c.uerueeiiierieeiieiie ettt et see e e e sevesveeeee s 18-86
Example 6. Full field display of third-order coma, FRINGE Zernikes Z7 and Z8. ..........c.ccccvevveevuvennnn. 18-87

FOO - Footprint Plot
Example 1. Footprint of first surface of standard Double Gauss, with selected linestyles

and a legend fOr CaCh. ..o 18-107
Example 2. Boundary MOGE .......c.cceeieriieieeieiieieie ettt sttt st ae e e nnesneennenneans 18-108
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Example 4. Clearance CRECKING ..........cccueiuirieriieieie ettt eeae st eee s aesseeneesneensensenseens 18-110

FOV - Biocular Field of View Plot
Example 1. A 100 mm Focal Length BIioCUIAr. ..........cccciiieiiiiiiiiiieieceeccce e 18-121
Example 2. The effect of motion of eyes in an “eye DOX™ ........ccccverieriieieniieieieeeene e 18-123
Example 3. Dual combiner conventional Head-Up Display (HUD)..........ccccevieieniiieneceeniesieieeieene 18-124
PMA - Pupil Map
Example 1. Pupil map (oblique projection) of a Cassegrain system, including obscuration.................. 18-146
Example 2. Pupil map (contour) of the same Cassegrain system, including obscuration. .................... 18-147
Example 3. Same as Example 2 with data drawn as interference fringes. ..........ccccoveeerereeieneeienenenns 18-148
Example 4. Interferometric Analysis - using standard Zernike polynomial (output not shown)........... 18-149
Example 5. Listed output for PIMAL ..ottt et 18-149
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