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System/Prescription Data

File : C:\Users\dick\Documents\ZEMAX\my zemax files 120609\HOBSON MONTEREY 040211\Hobson dome 5mm FINAL tols 0411311A.ZMX

Title: dome corrector 041111

Date : 4/13/2011

LENS NOTES:

All Optimax testplate radii

Ohara standard glass types with Schott equivalents (approx).

SURFACE DATA SUMMARY:

Surf     Type         Radius      Thickness                Glass      Diameter          Conic   Comment

 OBJ STANDARD       Infinity           3000             SEAWATER          6190              0 

   1 STANDARD       Infinity              0             SEAWATER       117.796              0 

   2 STANDARD          40.64          8.128               S-BSL7            77              0 dome

   3 STANDARD         32.512          25.91                              61.78              0 nominal focus

   4 STANDARD       -160.148              4              S-LAH66            57              0 ELEMENT A

   5 STANDARD       -588.396              1                                 59              0 

   6 STANDARD         23.446             12              S-FPL53            41              0 ELEMENT B

   7 STANDARD           63.9              1                                 37              0 

   8 STANDARD             15              0                                 26              0 dummy front

   9 STANDARD             15             15                                 26              0 

 STO STANDARD       Infinity              0                                2.8              0 

  11 PARAXIAL              -              0                                2.8              - perfect lens

  12 STANDARD       Infinity              5                                2.8              0 

  13 STANDARD       Infinity              0                           11.01501              0 

 IMA STANDARD       Infinity                                          11.01501              0 

INDEX OF REFRACTION DATA:

System Temperature:   20.0000 Celsius

System Pressure   :    1.0000 Atmospheres

Absolute air index:    1.000272 at wavelength 0.587562 µm

Index data is relative to air at the system temperature and pressure.

Wavelengths are measured in air at the system temperature and pressure.

Surf                  Glass    Temp    Pres     0.486133   0.587562   0.656273

   0               SEAWATER   20.00    1.00   1.34356417 1.33952898 1.33770190 source: Laikin, Lens Design

   1               SEAWATER   20.00    1.00   1.34356417 1.33952898 1.33770190 source: Laikin, Lens Design

   2                 S-BSL7   25.00    1.00   1.52190494 1.51632992 1.51385515 Recommended 

   3                          20.00    1.00   1.00000000 1.00000000 1.00000000

   4                S-LAH66   25.00    1.00   1.78337339 1.77249886 1.76779830 Recommended 

   5                          20.00    1.00   1.00000000 1.00000000 1.00000000

   6                S-FPL53   25.00    1.00   1.44195441 1.43875044 1.43733336 Recommended - Low Partial Dispersion 

   7                          20.00    1.00   1.00000000 1.00000000 1.00000000

   8                          20.00    1.00   1.00000000 1.00000000 1.00000000

   9                          20.00    1.00   1.00000000 1.00000000 1.00000000

  10                          20.00    1.00   1.00000000 1.00000000 1.00000000

  11                          20.00    1.00   1.00000000 1.00000000 1.00000000

  12                          20.00    1.00   1.00000000 1.00000000 1.00000000

  13                          20.00    1.00   1.00000000 1.00000000 1.00000000

  14                          20.00    1.00   1.00000000 1.00000000 1.00000000

THERMAL COEFFICIENT OF EXPANSION DATA:

Surf                  Glass     TCE *10E-6

  0                SEAWATER     0.00000000 source: Laikin, Lens Design

  1                SEAWATER     0.00000000 source: Laikin, Lens Design

  2                  S-BSL7     7.20000000 Recommended 

  3                             0.00000000

  4                 S-LAH66     6.20000000 Recommended 

  5                             0.00000000

  6                 S-FPL53    14.50000000 Recommended - Low Partial Dispersion 

  7                             0.00000000

  8                             0.00000000

  9                             0.00000000

 10                             0.00000000

 11                             0.00000000

 12                             0.00000000

 13                             0.00000000

 14                             0.00000000

ELEMENT VOLUME DATA:

For centered elements with plane or spherical circular faces, exact

volumes are computed by assuming edges are squared up to the larger

of the front and back radial aperture.

For all other elements, approximate volumes are numerically integrated

to 0.1% accuracy. Zero volume means the volume cannot be accurately computed.

Single elements that are duplicated in the Lens Data Editor

for ray tracing purposes may be listed more than once yielding

incorrect total mass estimates.

                             Volume cc   Density g/cc         Mass g

Element surf   1 to   2     225.710782       1.000000     225.710782

Element surf   2 to   3      49.347351       2.520000     124.355324

Element surf   4 to   5      13.643188       4.230000      57.710687

Element surf   6 to   7      10.928075       3.620000      39.559633

Total Mass:                                               447.336427

Tolerance Data Summary
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Radius and Thickness data are in Millimeters.

Power and Irregularity are in double pass fringes at 0.6328 µm

Only spherical and astigmatism irregularity tolerances are listed in the Surface CENTERED TOLERANCES;

Zernike irregularity tolerances are listed under OTHER TOLERANCES.

Surface Total Indicator Runout (TIR) are in Millimeters.

Index and Abbe tolerances are dimensionless

Surface and Element Decenters are in Millimeters.

Surface and Element Tilts are in degrees.

SURFACE CENTERED TOLERANCES:

Surf      Radius     Tol Min     Tol Max       Power       Irreg   Thickness     Tol Min     Tol Max

   0    Infinity           -           -           -           -        3000           -           -

   1    Infinity           -           -           -           -           0           -           -

   2       40.64           -           -          5           2       8.128        -0.2         0.2

   3      32.512           -           -          5           2       25.91        -0.2         0.2

   4     -160.15           -           -          5           2           4        -0.2         0.2

   5      -588.4           -           -          5           2           1        -0.2         0.2

   6      23.446           -           -          5           2          12        -0.2         0.2

   7        63.9           -           -          5           2           1        -0.2         0.2

   8          15           -           -           -           -           0           -           -

   9          15           -           -           -           -          15           -           -

  10    Infinity           -           -           -           -           0           -           -

  11    Infinity           -           -           -           -           0           -           -

  12    Infinity           -           -           -           -           5           -           -

  13    Infinity           -           -           -           -           0           -           -

  14    Infinity           -           -           -           -           0           -           -

SURFACE DECENTER/TILT TOLERANCES:

Surf   Decenter X   Decenter Y       Tilt X       Tilt Y        TIR X        TIR Y

   0            -            -            -            -            -            -

   1            -            -            -            -            -            -

   2            -            -       0.0334       0.0334            -            -

   3            -            -       0.0334       0.0334            -            -

   4            -            -       0.0334       0.0334            -            -

   5            -            -       0.0334       0.0334            -            -

   6            -            -       0.0334       0.0334            -            -

   7            -            -       0.0334       0.0334            -            -

   8            -            -            -            -            -            -

   9            -            -            -            -            -            -

  10            -            -            -            -            -            -

  11            -            -            -            -            -            -

  12            -            -            -            -            -            -

  13            -            -            -            -            -            -

  14            -            -            -            -            -            -

GLASS TOLERANCES:

Surf                  Glass    Index Tol     Abbe Tol

   0               SEAWATER            -            -

   1               SEAWATER            -            -

   2                 S-BSL7        0.001      0.64142

   4                S-LAH66        0.001      0.49598

   6                S-FPL53        0.001      0.94946

ELEMENT TOLERANCES:

Ele# Srf1 Srf2  Decenter X  Decenter Y      Tilt X      Tilt Y

   1    1    3           -           -           -           -

   2    4    5         0.2         0.2      0.0334      0.0334

   3    6    7         0.2         0.2      0.0334      0.0334

OTHER TOLERANCES:

Type Int1 Int2 Int3           Min           Max Comments                 Description

TEDX    2    3    - -2.00000E-001  2.00000E-001 Default element dec/tilt 

TEDY    2    3    - -2.00000E-001  2.00000E-001                          

TETX    2    3    - -3.34000E-002  3.34000E-002                          

TETY    2    3    - -3.34000E-002  3.34000E-002                          

The following shows the effects of the worst offenders. The designer has the privilege of tightening up any parameter, and to ignore any that is misleading, eg, when pupil searching causes excessive wavefront error at the corner of the fields of view.

Analysis of Tolerances
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Units are Millimeters.

All changes are computed using linear differences.

All compensators will be optimized using Damped Least Squares.

Compensator: Thickness   3, Min =    -1.0000, Max =     1.0000

Criterion           : RMS Wavefront Error in waves

Mode                : Sensitivities

Sampling            : 2

Optimization Cycles : Automatic mode

Nominal Criterion   : 0.13345471

Test Wavelength     : 0.6328

Fields: User Defined Object height in Millimeters

 #      X-Field      Y-Field       Weight    VDX    VDY    VCX    VCY

 1   0.000E+000   0.000E+000   6.000E+000  0.000  0.000  0.000  0.000

 2   0.000E+000   1.548E+003   1.000E+000  0.000  0.000  0.000  0.000

 3   0.000E+000   2.167E+003   1.000E+000  0.000  0.000  0.000  0.000

 4   0.000E+000   3.095E+003   1.000E+000  0.000  0.000  0.000  0.000

Sensitivity Analysis:

Detailed printing off.

Worst offenders:

Type                      Value      Criterion         Change

TEDY   6   7         0.20000000     0.15625435     0.02279964

TTHI   7   0        -0.20000000     0.14565795     0.01220325

TTHI   6   0        -0.20000000     0.14221976     0.00876505

TEDY   2   3        -0.20000000     0.14103646     0.00758175

TEDX   6   7         0.20000000     0.13845985     0.00500514

TEDX   6   7        -0.20000000     0.13845984     0.00500513

TIND   6            -0.00100000     0.13548869     0.00203399

TABB   6            -0.94946025     0.13546301     0.00200830

TEDY   4   5         0.20000000     0.13540708     0.00195237

TETX   6   7        -0.03340000     0.13499758     0.00154288

Estimated Performance Changes based upon Root-Sum-Square method:

Nominal RMS Wavefront       :     0.13345471

Estimated change            :     0.02615749

Estimated RMS Wavefront     :     0.15961220

Compensator Statistics:

Thickness Surf 3:

Nominal            :        24.909894

Minimum            :        24.909871

Maximum            :        24.909972

Mean               :        24.909898

Standard Deviation :         0.000016

Monte Carlo Analysis:

Number of trials: 10

Initial Statistics: Normal Distribution

  Trial      Criterion         Change

      1     0.12310148    -0.01035323

 Thickness   3:                     2.49100E+001

      2     0.14540978     0.01195507

 Thickness   3:                     2.49100E+001

      3     0.13013600    -0.00331871

 Thickness   3:                     2.49099E+001

      4     0.13650700     0.00305230

 Thickness   3:                     2.49100E+001

      5     0.12494733    -0.00850738

 Thickness   3:                     2.49099E+001

      6     0.13811168     0.00465698

 Thickness   3:                     2.49100E+001

      7     0.13134081    -0.00211390

 Thickness   3:                     2.49099E+001

      8     0.15598417     0.02252946

 Thickness   3:                     2.49099E+001

      9     0.14967314     0.01621843

 Thickness   3:                     2.49099E+001

     10     0.14458322     0.01112851

 Thickness   3:                     2.49100E+001

Number of traceable Monte Carlo files generated: 10

Nominal     0.13345471

Best        0.12310148    Trial     1

Worst       0.15598417    Trial     8

Mean        0.13797946

Std Dev     0.01028931

Compensator Statistics:

Thickness Surf 3:

Nominal            :        24.909894

Minimum            :        24.909894

Maximum            :        24.909972

Mean               :        24.909949

Standard Deviation :         0.000024

90% >       0.15282865               

80% >       0.14754146               

50% >       0.13730934               

20% >       0.12754167               

10% >       0.12402441               

End of Run.

 THIS CONCLUDES THE TOLERANCE SENSITIVITY EVALUATION.

OPTICAL GLASS TOLERANCES ARE VERY LOOSE AND FALL WITHIN STANDARD OHARA/SCHOTT TOLERANCE CLASSES. GLASS WILL BE GRADE A, FINE ANNEALED AND WELL-POLISHED WITH MINIMAL COSMETIC FLAWS BECAUSE OF SMALL PUPIL SIZE.

THE KOWA 5MM LENS WILL BE INSTALLED WITH RESPECT TO THE CORRECTOR DOUBLET LENS ASSEMBLY, AND THE WHOLE SHALL BE FOCUSSED BY MOVEMENT TOWARD OR AWAY FROM THE DOME, WITH A TARGET, IN WATER (SEAWATER OR FRESH, IT MAKES NO REAL DIFFERENCE) AT A DISTANCE OF ABOUT 3 METERS. FOCUS FOR BEST OVERALL RESOLUTION AND CONTRAST AS VIEWED ON VIDEO MONITOR. 

AN UNDERWATER RESOLUTION TARGET CAN BE USED TO QUANTIFY PERFORMANCE (SEE EDMUND SCIENTIFIC CATALOG, OR SIMILAR, FOR A LARGE USAF OR OTHER PAPER TARGET, WATERPROOF IT SOMEHOW.

BECAUSE OF THE HUGE FIELD OF VIEW AT 3 METERS OBJECT DISTANCE, ANY TEST TARGET WILL SURELY HAVE TO BE MOVED AROUND TO EXAMINE VARIOUS PARTS OF THE IMAGE. OR DO THE EQUIVALENT BY MOVING THE OPTICS RELATIVE TO A SMALLER TARGET. 

GOAL IS TO OBTAIN ~ 100-200 LINE PAIRS/MM ON THE 2/3” DETECTOR, WITH THE 5 MM KOWA LENS.

OPTICAL DRAWINGS AND AN ASSEMBLY DRAWING, ALL WITH TOLERANCES, WILL BE PREPARED ONCE BRETT HOBSON HAS GIVEN THE GO-AHEAD.

