Contents

1 Geometrical Optics

1.1 Principles of Geometrical Optics. . .. ...................
1.2 Paraxial Optics . . .. . ..ot
1.2.1  The Concave Mitror .. .......................

1.2.2  The Spherical Refractive Surface. . . ... ...........

123  Prismsand Plates . .......... ... .. .. .. ... ...

1.3 Optical Systems. . .. ...
1.3.1 TheSingleLens . ........ ... .. ... ... ......

1.32 ThinLenses . ........ ... ...

1.4 Paraxial Raytracing . . .. ......... .. ...,
1.4.1 The Optical Invariant. . .. .....................

1.42  Ray Tracing with Thin Lenses . .................

1.5 Stopsand Pupils . .. ... ... .. ... .. ..
1.5.1 Telecentric Stop . .. ...«

1.52 Adding Rays. ......... ... .. .. .. ..
References . . ... ...
2 Optical Instruments (Paraxial Approximation) . . .. ...........
2.1 Camera. . . . oot
2.1.1  CameraObscura . ..............c.. ...

22 Human Eye. . ... ... ... .. . .
221 Nodal Points. ........... ... ...
2.2.2  Exercise 4, Nodal Points of the Eye. . .. ...........

2.3  Magnifier and Microscope . ... .........c. ...
2.3.1 Maximum Magnification ......................

2.4 TeleSCOPES . o o v vttt e e
2.5 Mumination . ... ... ...t
References . . .. ... .
3 Aberrations. ... ... ... ...
3.1 Wavefronts and Aberrations . .. ......... ... ... ... .....
3.1.1 FirstOrder Errors . .......... .. ... ... .. .....

3.1.2  The Third Order Aberrations. . . .................

3.1.3  Spherical ....... ... ... .. ...

00 ] WL W = =

13
14
16
18
19
22
24
24

25
25
26
27
29
29
30
31
32
35
38

39
39
41
43
43

xi


http://dx.doi.org/10.1007/978-94-017-8685-0_1
http://dx.doi.org/10.1007/978-94-017-8685-0_1
http://dx.doi.org/10.1007/978-94-017-8685-0_1#Sec1
http://dx.doi.org/10.1007/978-94-017-8685-0_1#Sec1
http://dx.doi.org/10.1007/978-94-017-8685-0_1#Sec2
http://dx.doi.org/10.1007/978-94-017-8685-0_1#Sec2
http://dx.doi.org/10.1007/978-94-017-8685-0_1#Sec3
http://dx.doi.org/10.1007/978-94-017-8685-0_1#Sec3
http://dx.doi.org/10.1007/978-94-017-8685-0_1#Sec4
http://dx.doi.org/10.1007/978-94-017-8685-0_1#Sec4
http://dx.doi.org/10.1007/978-94-017-8685-0_1#Sec5
http://dx.doi.org/10.1007/978-94-017-8685-0_1#Sec5
http://dx.doi.org/10.1007/978-94-017-8685-0_1#Sec6
http://dx.doi.org/10.1007/978-94-017-8685-0_1#Sec6
http://dx.doi.org/10.1007/978-94-017-8685-0_1#Sec7
http://dx.doi.org/10.1007/978-94-017-8685-0_1#Sec7
http://dx.doi.org/10.1007/978-94-017-8685-0_1#Sec8
http://dx.doi.org/10.1007/978-94-017-8685-0_1#Sec8
http://dx.doi.org/10.1007/978-94-017-8685-0_1#Sec9
http://dx.doi.org/10.1007/978-94-017-8685-0_1#Sec9
http://dx.doi.org/10.1007/978-94-017-8685-0_1#Sec10
http://dx.doi.org/10.1007/978-94-017-8685-0_1#Sec10
http://dx.doi.org/10.1007/978-94-017-8685-0_1#Sec11
http://dx.doi.org/10.1007/978-94-017-8685-0_1#Sec11
http://dx.doi.org/10.1007/978-94-017-8685-0_1#Sec12
http://dx.doi.org/10.1007/978-94-017-8685-0_1#Sec12
http://dx.doi.org/10.1007/978-94-017-8685-0_1#Sec13
http://dx.doi.org/10.1007/978-94-017-8685-0_1#Sec13
http://dx.doi.org/10.1007/978-94-017-8685-0_1#Sec14
http://dx.doi.org/10.1007/978-94-017-8685-0_1#Sec14
http://dx.doi.org/10.1007/978-94-017-8685-0_1#Bib1
http://dx.doi.org/10.1007/978-94-017-8685-0_2
http://dx.doi.org/10.1007/978-94-017-8685-0_2
http://dx.doi.org/10.1007/978-94-017-8685-0_2#Sec1
http://dx.doi.org/10.1007/978-94-017-8685-0_2#Sec1
http://dx.doi.org/10.1007/978-94-017-8685-0_2#Sec2
http://dx.doi.org/10.1007/978-94-017-8685-0_2#Sec2
http://dx.doi.org/10.1007/978-94-017-8685-0_2#Sec3
http://dx.doi.org/10.1007/978-94-017-8685-0_2#Sec3
http://dx.doi.org/10.1007/978-94-017-8685-0_2#Sec4
http://dx.doi.org/10.1007/978-94-017-8685-0_2#Sec4
http://dx.doi.org/10.1007/978-94-017-8685-0_2#Sec5
http://dx.doi.org/10.1007/978-94-017-8685-0_2#Sec5
http://dx.doi.org/10.1007/978-94-017-8685-0_2#Sec6
http://dx.doi.org/10.1007/978-94-017-8685-0_2#Sec6
http://dx.doi.org/10.1007/978-94-017-8685-0_2#Sec7
http://dx.doi.org/10.1007/978-94-017-8685-0_2#Sec7
http://dx.doi.org/10.1007/978-94-017-8685-0_2#Sec8
http://dx.doi.org/10.1007/978-94-017-8685-0_2#Sec8
http://dx.doi.org/10.1007/978-94-017-8685-0_2#Sec10
http://dx.doi.org/10.1007/978-94-017-8685-0_2#Sec10
http://dx.doi.org/10.1007/978-94-017-8685-0_2#Bib1
http://dx.doi.org/10.1007/978-94-017-8685-0_3
http://dx.doi.org/10.1007/978-94-017-8685-0_3
http://dx.doi.org/10.1007/978-94-017-8685-0_3#Sec1
http://dx.doi.org/10.1007/978-94-017-8685-0_3#Sec1
http://dx.doi.org/10.1007/978-94-017-8685-0_3#Sec2
http://dx.doi.org/10.1007/978-94-017-8685-0_3#Sec2
http://dx.doi.org/10.1007/978-94-017-8685-0_3#Sec3
http://dx.doi.org/10.1007/978-94-017-8685-0_3#Sec3
http://dx.doi.org/10.1007/978-94-017-8685-0_3#Sec4
http://dx.doi.org/10.1007/978-94-017-8685-0_3#Sec4

xii Contents
314 Coma. ..o e 43

315 FieldCurvature. .. ............... ... 45
31,6 AsStigmatiSm . ... ... 45

317 DiStOrtion . . .. ...v i e 47

3.2 Chromatic Aberration. . ... ......... .. ... .. ... 47
3.3 Calculation of Aberration Coefficients. . . ................ 49
3.3.1 Calculation Scheme . . ........................ 52

3.4 Stop Shift Equations . .. .......... ... ... ... ... ... .. 54
3.5 Zero Seidel Conditions. . ... ...........uiiiinnan... 55
References . . ... .. 57
4 Lens Design Process. . .. ............. ... ... 59
4.1 Specification. . . ...... ... L 60
4.1.1 Transmission of Lenses . ...................... 63
412  Lens Types. .. ..ot 63
413 Cameralenses ............ ... ..., 64
4.1.4  Telescope Objectives . . ... ... .. 68
4.1.5 Micro-Objectives. . . . ... .. ... 72

4.1.6  Oculars. . ...t 74

42 Lay-out .. ... 75
421 ScaleFactor . ............. .. 76
422 FieldCurvature. . .............uvininenen... 77
423  DiStOrtion. . .. ...ttt 78
424  Axial Colour Correction. . . .................... 78
4.2.5 Lateral Colour Correction. . . ................... 80
426 Degrees of Freedom. . ........................ 80
427 Lay-outofaZoomlLens ...................... 82

4.3 Thin Lens Predesign ... ....... ... .. .. .. .. ... .. .... 84
4.3.1  Spherical and Coma as Functions of Band G. . ... ... 87
432 Coma-FreeLens ............................ 88
433  Correction of Thin Lens Systems . ............... 88
43.4  Exercise 6, Predesign of a Triplet . . ... ........... 89

4.4 Surface Model. . . ......... .. . . . e 90
4.4.1  Effect of Thickness on Aberrations . .............. 91

45 Optimization. . ... ... ...ttt 92
45.1 Weight Factors . .. ....... ... ... ... ... ... .... 93
4.5.2  Variables and Constraints. . . . .................. 94
453 MeritFunctions. . . ....... ... .. .. ..., 95
454  Aberration Balancing . . . ........ ... . L. 96
4.5.5  Fifth Order Aberrations . ...................... 97
4.5.6  *Mathematics of Optimization . ................. 99
457 Damped Least Squares Algorithm . ............... 101
4.5.8 After Optimization. . .. .................o..... 103
459 Spot Diagrams . ........... ... 103


http://dx.doi.org/10.1007/978-94-017-8685-0_3#Sec5
http://dx.doi.org/10.1007/978-94-017-8685-0_3#Sec5
http://dx.doi.org/10.1007/978-94-017-8685-0_3#Sec6
http://dx.doi.org/10.1007/978-94-017-8685-0_3#Sec6
http://dx.doi.org/10.1007/978-94-017-8685-0_3#Sec7
http://dx.doi.org/10.1007/978-94-017-8685-0_3#Sec7
http://dx.doi.org/10.1007/978-94-017-8685-0_3#Sec8
http://dx.doi.org/10.1007/978-94-017-8685-0_3#Sec8
http://dx.doi.org/10.1007/978-94-017-8685-0_3#Sec9
http://dx.doi.org/10.1007/978-94-017-8685-0_3#Sec9
http://dx.doi.org/10.1007/978-94-017-8685-0_3#Sec10
http://dx.doi.org/10.1007/978-94-017-8685-0_3#Sec10
http://dx.doi.org/10.1007/978-94-017-8685-0_3#Sec11
http://dx.doi.org/10.1007/978-94-017-8685-0_3#Sec11
http://dx.doi.org/10.1007/978-94-017-8685-0_3#Sec12
http://dx.doi.org/10.1007/978-94-017-8685-0_3#Sec12
http://dx.doi.org/10.1007/978-94-017-8685-0_3#Sec13
http://dx.doi.org/10.1007/978-94-017-8685-0_3#Sec13
http://dx.doi.org/10.1007/978-94-017-8685-0_3#Bib1
http://dx.doi.org/10.1007/978-94-017-8685-0_4
http://dx.doi.org/10.1007/978-94-017-8685-0_4
http://dx.doi.org/10.1007/978-94-017-8685-0_4#Sec1
http://dx.doi.org/10.1007/978-94-017-8685-0_4#Sec1
http://dx.doi.org/10.1007/978-94-017-8685-0_4#Sec2
http://dx.doi.org/10.1007/978-94-017-8685-0_4#Sec2
http://dx.doi.org/10.1007/978-94-017-8685-0_4#Sec3
http://dx.doi.org/10.1007/978-94-017-8685-0_4#Sec3
http://dx.doi.org/10.1007/978-94-017-8685-0_4#Sec4
http://dx.doi.org/10.1007/978-94-017-8685-0_4#Sec4
http://dx.doi.org/10.1007/978-94-017-8685-0_4#Sec5
http://dx.doi.org/10.1007/978-94-017-8685-0_4#Sec5
http://dx.doi.org/10.1007/978-94-017-8685-0_4#Sec6
http://dx.doi.org/10.1007/978-94-017-8685-0_4#Sec6
http://dx.doi.org/10.1007/978-94-017-8685-0_4#Sec7
http://dx.doi.org/10.1007/978-94-017-8685-0_4#Sec7
http://dx.doi.org/10.1007/978-94-017-8685-0_4#Sec8
http://dx.doi.org/10.1007/978-94-017-8685-0_4#Sec8
http://dx.doi.org/10.1007/978-94-017-8685-0_4#Sec9
http://dx.doi.org/10.1007/978-94-017-8685-0_4#Sec9
http://dx.doi.org/10.1007/978-94-017-8685-0_4#Sec10
http://dx.doi.org/10.1007/978-94-017-8685-0_4#Sec10
http://dx.doi.org/10.1007/978-94-017-8685-0_4#Sec11
http://dx.doi.org/10.1007/978-94-017-8685-0_4#Sec11
http://dx.doi.org/10.1007/978-94-017-8685-0_4#Sec12
http://dx.doi.org/10.1007/978-94-017-8685-0_4#Sec12
http://dx.doi.org/10.1007/978-94-017-8685-0_4#Sec13
http://dx.doi.org/10.1007/978-94-017-8685-0_4#Sec13
http://dx.doi.org/10.1007/978-94-017-8685-0_4#Sec14
http://dx.doi.org/10.1007/978-94-017-8685-0_4#Sec14
http://dx.doi.org/10.1007/978-94-017-8685-0_4#Sec16
http://dx.doi.org/10.1007/978-94-017-8685-0_4#Sec16
http://dx.doi.org/10.1007/978-94-017-8685-0_4#Sec18
http://dx.doi.org/10.1007/978-94-017-8685-0_4#Sec18
http://dx.doi.org/10.1007/978-94-017-8685-0_4#Sec19
http://dx.doi.org/10.1007/978-94-017-8685-0_4#Sec19
http://dx.doi.org/10.1007/978-94-017-8685-0_4#Sec21
http://dx.doi.org/10.1007/978-94-017-8685-0_4#Sec21
http://dx.doi.org/10.1007/978-94-017-8685-0_4#Sec23
http://dx.doi.org/10.1007/978-94-017-8685-0_4#Sec23
http://dx.doi.org/10.1007/978-94-017-8685-0_4#Sec24
http://dx.doi.org/10.1007/978-94-017-8685-0_4#Sec24
http://dx.doi.org/10.1007/978-94-017-8685-0_4#Sec25
http://dx.doi.org/10.1007/978-94-017-8685-0_4#Sec25
http://dx.doi.org/10.1007/978-94-017-8685-0_4#Sec26
http://dx.doi.org/10.1007/978-94-017-8685-0_4#Sec26
http://dx.doi.org/10.1007/978-94-017-8685-0_4#Sec27
http://dx.doi.org/10.1007/978-94-017-8685-0_4#Sec27
http://dx.doi.org/10.1007/978-94-017-8685-0_4#Sec28
http://dx.doi.org/10.1007/978-94-017-8685-0_4#Sec28
http://dx.doi.org/10.1007/978-94-017-8685-0_4#Sec29
http://dx.doi.org/10.1007/978-94-017-8685-0_4#Sec29
http://dx.doi.org/10.1007/978-94-017-8685-0_4#Sec30
http://dx.doi.org/10.1007/978-94-017-8685-0_4#Sec30
http://dx.doi.org/10.1007/978-94-017-8685-0_4#Sec31
http://dx.doi.org/10.1007/978-94-017-8685-0_4#Sec31
http://dx.doi.org/10.1007/978-94-017-8685-0_4#Sec32
http://dx.doi.org/10.1007/978-94-017-8685-0_4#Sec32
http://dx.doi.org/10.1007/978-94-017-8685-0_4#Sec33
http://dx.doi.org/10.1007/978-94-017-8685-0_4#Sec33
http://dx.doi.org/10.1007/978-94-017-8685-0_4#Sec34
http://dx.doi.org/10.1007/978-94-017-8685-0_4#Sec34
http://dx.doi.org/10.1007/978-94-017-8685-0_4#Sec35
http://dx.doi.org/10.1007/978-94-017-8685-0_4#Sec35
http://dx.doi.org/10.1007/978-94-017-8685-0_4#Sec36
http://dx.doi.org/10.1007/978-94-017-8685-0_4#Sec36

Contents Xiii
4.5.10 Aberration Plots ... ........ ... ... ... ... . ... 103
4.5.11 Wavefront Error Plots . . ...................... 105
4.5.12 Modulation Transfer Function. . ... .............. 105
4.5.13 Point Spread Function . . . ........ ... ... ... .... 106

4.6 Tolerancing. . ... ... .. ... 106
4.6.1  Third Order Analysis of Decentring Errors. . ........ 108
4.6.2 Tolerances, Optimization and Strain .............. 112
4.6.3  Fabrication Errors . . ........ .. .. .. .. ... .. .. .. 113

4.7 *Diffraction Theory for Lens Design. . ... ............... 114
47.1 Strehl Ratio . ........ .. ... ... ... .. . ... 118
4772  Modulation Transfer . ........ ... ... ... ... .... 119

References . . .. ... .. .. 122

5 Design Strategies . . . .. ... ... ... .. 125

5.1 Colour Correction . . . .. ....ovuit e, 126
5.1.1  Optical Materials. . .. ........ ... .. ... 126
5.1.2  Colour Correction of Thin Systems . . ............. 128
5.1.3  Apochromatic Thin Systems . . .. ................ 129
5.14  Colour Correction in Two-Component Systems. . . . . . . 130
5.1.5 Buried Surface . ......... ... ... ... .. .. ... 131
5.1.6  Glass Selection . .. ....... .. ... 132

5.2 Changing the Number of Variables . .. .................. 133
5.2.1  Splitting or Adding Lenses . . . .................. 133
5.2.2  Adding System Properties. . .. ........ ... ... .... 134
5.23 Adding an Airspace. . ... ... 136
5.2.4  Aspherizing ... ....... ... .. 136

5.3 Symmetries. . . ..ot 138
5.3.1  Mirror Symmetry. . . ... ... 138
5.3.2 Concentric Systems . . . .. .......... ... 139
5.3.3  Aplanatic Surfaces. . .. ....... ... ... .. ... 140

5.4 Stops and Diaphragms . . .. ..... ... ... ... .. . .. 141
54.1 StopPosition. .. ......... ... ... 141
542  Vignetting. . ... ..ot 142

5.5 Field Correction . ......... ... ..., 142
5.5.1 Field Curvature . . .. ........... ... . 142
552 ASHgMAtISM . . . ..ot 145
553 Distortion. .. ......... 146

References . . .. ... .. 147

6 Design Examples . ... ........ . ... . ... . 149

6.1 Thin Systems . . ... ...ttt 149
6.1.1 SingleLens. ... ...... ... ... . . ... 150
6.1.2 Doublets. . ....... ... 152

6.1.3  Aplanatic Doublets . ......... ... .. .. .. ... ... 156


http://dx.doi.org/10.1007/978-94-017-8685-0_4#Sec37
http://dx.doi.org/10.1007/978-94-017-8685-0_4#Sec37
http://dx.doi.org/10.1007/978-94-017-8685-0_4#Sec38
http://dx.doi.org/10.1007/978-94-017-8685-0_4#Sec38
http://dx.doi.org/10.1007/978-94-017-8685-0_4#Sec39
http://dx.doi.org/10.1007/978-94-017-8685-0_4#Sec39
http://dx.doi.org/10.1007/978-94-017-8685-0_4#Sec40
http://dx.doi.org/10.1007/978-94-017-8685-0_4#Sec40
http://dx.doi.org/10.1007/978-94-017-8685-0_4#Sec41
http://dx.doi.org/10.1007/978-94-017-8685-0_4#Sec41
http://dx.doi.org/10.1007/978-94-017-8685-0_4#Sec42
http://dx.doi.org/10.1007/978-94-017-8685-0_4#Sec42
http://dx.doi.org/10.1007/978-94-017-8685-0_4#Sec43
http://dx.doi.org/10.1007/978-94-017-8685-0_4#Sec43
http://dx.doi.org/10.1007/978-94-017-8685-0_4#Sec44
http://dx.doi.org/10.1007/978-94-017-8685-0_4#Sec44
http://dx.doi.org/10.1007/978-94-017-8685-0_4#Sec45
http://dx.doi.org/10.1007/978-94-017-8685-0_4#Sec45
http://dx.doi.org/10.1007/978-94-017-8685-0_4#Sec46
http://dx.doi.org/10.1007/978-94-017-8685-0_4#Sec46
http://dx.doi.org/10.1007/978-94-017-8685-0_4#Sec47
http://dx.doi.org/10.1007/978-94-017-8685-0_4#Sec47
http://dx.doi.org/10.1007/978-94-017-8685-0_4#Bib1
http://dx.doi.org/10.1007/978-94-017-8685-0_5
http://dx.doi.org/10.1007/978-94-017-8685-0_5
http://dx.doi.org/10.1007/978-94-017-8685-0_5#Sec1
http://dx.doi.org/10.1007/978-94-017-8685-0_5#Sec1
http://dx.doi.org/10.1007/978-94-017-8685-0_5#Sec2
http://dx.doi.org/10.1007/978-94-017-8685-0_5#Sec2
http://dx.doi.org/10.1007/978-94-017-8685-0_5#Sec3
http://dx.doi.org/10.1007/978-94-017-8685-0_5#Sec3
http://dx.doi.org/10.1007/978-94-017-8685-0_5#Sec4
http://dx.doi.org/10.1007/978-94-017-8685-0_5#Sec4
http://dx.doi.org/10.1007/978-94-017-8685-0_5#Sec5
http://dx.doi.org/10.1007/978-94-017-8685-0_5#Sec5
http://dx.doi.org/10.1007/978-94-017-8685-0_5#Sec6
http://dx.doi.org/10.1007/978-94-017-8685-0_5#Sec6
http://dx.doi.org/10.1007/978-94-017-8685-0_5#Sec7
http://dx.doi.org/10.1007/978-94-017-8685-0_5#Sec7
http://dx.doi.org/10.1007/978-94-017-8685-0_5#Sec8
http://dx.doi.org/10.1007/978-94-017-8685-0_5#Sec8
http://dx.doi.org/10.1007/978-94-017-8685-0_5#Sec9
http://dx.doi.org/10.1007/978-94-017-8685-0_5#Sec9
http://dx.doi.org/10.1007/978-94-017-8685-0_5#Sec10
http://dx.doi.org/10.1007/978-94-017-8685-0_5#Sec10
http://dx.doi.org/10.1007/978-94-017-8685-0_5#Sec11
http://dx.doi.org/10.1007/978-94-017-8685-0_5#Sec11
http://dx.doi.org/10.1007/978-94-017-8685-0_5#Sec12
http://dx.doi.org/10.1007/978-94-017-8685-0_5#Sec12
http://dx.doi.org/10.1007/978-94-017-8685-0_5#Sec13
http://dx.doi.org/10.1007/978-94-017-8685-0_5#Sec13
http://dx.doi.org/10.1007/978-94-017-8685-0_5#Sec14
http://dx.doi.org/10.1007/978-94-017-8685-0_5#Sec14
http://dx.doi.org/10.1007/978-94-017-8685-0_5#Sec15
http://dx.doi.org/10.1007/978-94-017-8685-0_5#Sec15
http://dx.doi.org/10.1007/978-94-017-8685-0_5#Sec16
http://dx.doi.org/10.1007/978-94-017-8685-0_5#Sec16
http://dx.doi.org/10.1007/978-94-017-8685-0_5#Sec17
http://dx.doi.org/10.1007/978-94-017-8685-0_5#Sec17
http://dx.doi.org/10.1007/978-94-017-8685-0_5#Sec18
http://dx.doi.org/10.1007/978-94-017-8685-0_5#Sec18
http://dx.doi.org/10.1007/978-94-017-8685-0_5#Sec19
http://dx.doi.org/10.1007/978-94-017-8685-0_5#Sec19
http://dx.doi.org/10.1007/978-94-017-8685-0_5#Sec20
http://dx.doi.org/10.1007/978-94-017-8685-0_5#Sec20
http://dx.doi.org/10.1007/978-94-017-8685-0_5#Sec21
http://dx.doi.org/10.1007/978-94-017-8685-0_5#Sec21
http://dx.doi.org/10.1007/978-94-017-8685-0_5#Sec22
http://dx.doi.org/10.1007/978-94-017-8685-0_5#Sec22
http://dx.doi.org/10.1007/978-94-017-8685-0_5#Sec23
http://dx.doi.org/10.1007/978-94-017-8685-0_5#Sec23
http://dx.doi.org/10.1007/978-94-017-8685-0_5#Bib1
http://dx.doi.org/10.1007/978-94-017-8685-0_6
http://dx.doi.org/10.1007/978-94-017-8685-0_6
http://dx.doi.org/10.1007/978-94-017-8685-0_6#Sec1
http://dx.doi.org/10.1007/978-94-017-8685-0_6#Sec1
http://dx.doi.org/10.1007/978-94-017-8685-0_6#Sec1000
http://dx.doi.org/10.1007/978-94-017-8685-0_6#Sec1000
http://dx.doi.org/10.1007/978-94-017-8685-0_6#Sec1001
http://dx.doi.org/10.1007/978-94-017-8685-0_6#Sec1001
http://dx.doi.org/10.1007/978-94-017-8685-0_6#Sec5
http://dx.doi.org/10.1007/978-94-017-8685-0_6#Sec5

Xiv

6.2

6.3

6.4

6.5

Contents

6.1.4 Cemented Doublets . . . ....... ... ... ... ... .... 158
6.1.5  Surface Model of a Doublet . . .................. 160
6.1.6  Exercise 7, Predesign of a Chevalier Lens . . ........ 161
Design of a Telescope . . ... ... ... 163
6.2.1  Design of a Kellner Ocular. . . .................. 164
6.2.2 Inverting System . . ............. ... 167
6.2.3  Optimization of the Telescope Design .. ........... 169
6.2.4  Exercise 8, Predesign of a Plossl Ocular . .......... 170
Two-Component SyStems . . . . . oot v v vt ittt e e e 175
6.3.1  The Retinascope (Fundus Camera). . .............. 179
6.3.2 Exercise 9, Design of an Eye Lens . ... ........... 180
6.3.3  Exercise 10a, Thin Lens Design of a Retinascope

Objective . . ... ... . 184
6.3.4  Exercise 10b, Surface Model of a Retinascope

Objective . . . .. oot 186
6.3.5 Exercise 11, Linear Optimization of a Retinascope

Objective . . ..ot 189
6.3.6 The Petzval Lens. ... ........ ... .. .. ... ... ... 195
6.3.7  Exercise 12, Aberrations of a Petzval Lens. . . ... .... 198
6.3.8  Exercise 13, Air Space of the Petzval Lens . ........ 204
6.3.9 Tele-Objectives. . ... ...t 208
6.3.10 The Split Tele-Objective .. .................... 219
6.3.11 The Reversed Tele-Objective . .................. 225
6.3.12 Exercise 14, Design of a Reversed Tele-Objective. . . . . 227
6.3.13 The Galilei Telescope . ....................... 228
6.3.14 Exercise 15, Design of a Galilei Telescope. . ........ 228
Three Component Lenses . . .. ............ . ... ... 228
6.4.1 The Cooke Triplet. .. ........ ... .. .. .. ...... 229
6.4.2  Exercise 16, Design of a High Resolution Triplet . . . . . 236
643 TheTessar . ........ ... ... 240
644 TheHeliar .......... ... ... ... .. . .. . .. ... 247
6.4.5 Exercise 17, Predesign of a Heliar. . ... ........... 253
Symmetric Four-Component Lenses. . ... ................ 253
6.5.1  Conjugate Shift Equations . .................... 254
6.52 TheCelor........ ... ... .. 258
653 ThePlanar .......... ... ... ... .. .. .. . ... 267
6.54 TheDouble Gauss. .......... ... ... v, 282
6.5.5 Exercise 18, Matsui’s Double Gauss . ............. 286
6.5.6  The Symmetric Wide-Angle Quadruplet. .. ......... 287

6.577 TheHologon. ........ ... ... ... ... ... ... .... 293


http://dx.doi.org/10.1007/978-94-017-8685-0_6#Sec6
http://dx.doi.org/10.1007/978-94-017-8685-0_6#Sec6
http://dx.doi.org/10.1007/978-94-017-8685-0_6#Sec8
http://dx.doi.org/10.1007/978-94-017-8685-0_6#Sec8
http://dx.doi.org/10.1007/978-94-017-8685-0_6#Sec150
http://dx.doi.org/10.1007/978-94-017-8685-0_6#Sec150
http://dx.doi.org/10.1007/978-94-017-8685-0_6#Sec9
http://dx.doi.org/10.1007/978-94-017-8685-0_6#Sec9
http://dx.doi.org/10.1007/978-94-017-8685-0_6#Sec11
http://dx.doi.org/10.1007/978-94-017-8685-0_6#Sec11
http://dx.doi.org/10.1007/978-94-017-8685-0_6#Sec14
http://dx.doi.org/10.1007/978-94-017-8685-0_6#Sec14
http://dx.doi.org/10.1007/978-94-017-8685-0_6#Sec15
http://dx.doi.org/10.1007/978-94-017-8685-0_6#Sec15
http://dx.doi.org/10.1007/978-94-017-8685-0_6#Sec16
http://dx.doi.org/10.1007/978-94-017-8685-0_6#Sec16
http://dx.doi.org/10.1007/978-94-017-8685-0_6#Sec17
http://dx.doi.org/10.1007/978-94-017-8685-0_6#Sec17
http://dx.doi.org/10.1007/978-94-017-8685-0_6#Sec20
http://dx.doi.org/10.1007/978-94-017-8685-0_6#Sec20
http://dx.doi.org/10.1007/978-94-017-8685-0_6#Sec80
http://dx.doi.org/10.1007/978-94-017-8685-0_6#Sec80
http://dx.doi.org/10.1007/978-94-017-8685-0_6#Sec988
http://dx.doi.org/10.1007/978-94-017-8685-0_6#Sec988
http://dx.doi.org/10.1007/978-94-017-8685-0_6#Sec988
http://dx.doi.org/10.1007/978-94-017-8685-0_6#Sec982
http://dx.doi.org/10.1007/978-94-017-8685-0_6#Sec982
http://dx.doi.org/10.1007/978-94-017-8685-0_6#Sec982
http://dx.doi.org/10.1007/978-94-017-8685-0_6#Sec1079
http://dx.doi.org/10.1007/978-94-017-8685-0_6#Sec1079
http://dx.doi.org/10.1007/978-94-017-8685-0_6#Sec1079
http://dx.doi.org/10.1007/978-94-017-8685-0_6#Sec28
http://dx.doi.org/10.1007/978-94-017-8685-0_6#Sec28
http://dx.doi.org/10.1007/978-94-017-8685-0_6#Sec30
http://dx.doi.org/10.1007/978-94-017-8685-0_6#Sec30
http://dx.doi.org/10.1007/978-94-017-8685-0_6#Sec98
http://dx.doi.org/10.1007/978-94-017-8685-0_6#Sec98
http://dx.doi.org/10.1007/978-94-017-8685-0_6#Sec35
http://dx.doi.org/10.1007/978-94-017-8685-0_6#Sec35
http://dx.doi.org/10.1007/978-94-017-8685-0_6#Sec36
http://dx.doi.org/10.1007/978-94-017-8685-0_6#Sec36
http://dx.doi.org/10.1007/978-94-017-8685-0_6#Sec45
http://dx.doi.org/10.1007/978-94-017-8685-0_6#Sec45
http://dx.doi.org/10.1007/978-94-017-8685-0_6#Sec48
http://dx.doi.org/10.1007/978-94-017-8685-0_6#Sec48
http://dx.doi.org/10.1007/978-94-017-8685-0_6#Sec49
http://dx.doi.org/10.1007/978-94-017-8685-0_6#Sec49
http://dx.doi.org/10.1007/978-94-017-8685-0_6#Sec50
http://dx.doi.org/10.1007/978-94-017-8685-0_6#Sec50
http://dx.doi.org/10.1007/978-94-017-8685-0_6#Sec51
http://dx.doi.org/10.1007/978-94-017-8685-0_6#Sec51
http://dx.doi.org/10.1007/978-94-017-8685-0_6#Sec52
http://dx.doi.org/10.1007/978-94-017-8685-0_6#Sec52
http://dx.doi.org/10.1007/978-94-017-8685-0_6#Sec10710
http://dx.doi.org/10.1007/978-94-017-8685-0_6#Sec10710
http://dx.doi.org/10.1007/978-94-017-8685-0_6#Sec56
http://dx.doi.org/10.1007/978-94-017-8685-0_6#Sec56
http://dx.doi.org/10.1007/978-94-017-8685-0_6#Sec60
http://dx.doi.org/10.1007/978-94-017-8685-0_6#Sec60
http://dx.doi.org/10.1007/978-94-017-8685-0_6#Sec10712
http://dx.doi.org/10.1007/978-94-017-8685-0_6#Sec10712
http://dx.doi.org/10.1007/978-94-017-8685-0_6#Sec64
http://dx.doi.org/10.1007/978-94-017-8685-0_6#Sec64
http://dx.doi.org/10.1007/978-94-017-8685-0_6#Sec65
http://dx.doi.org/10.1007/978-94-017-8685-0_6#Sec65
http://dx.doi.org/10.1007/978-94-017-8685-0_6#Sec67
http://dx.doi.org/10.1007/978-94-017-8685-0_6#Sec67
http://dx.doi.org/10.1007/978-94-017-8685-0_6#Sec72
http://dx.doi.org/10.1007/978-94-017-8685-0_6#Sec72
http://dx.doi.org/10.1007/978-94-017-8685-0_6#Sec78
http://dx.doi.org/10.1007/978-94-017-8685-0_6#Sec78
http://dx.doi.org/10.1007/978-94-017-8685-0_6#Sec1071
http://dx.doi.org/10.1007/978-94-017-8685-0_6#Sec1071
http://dx.doi.org/10.1007/978-94-017-8685-0_6#Sec81
http://dx.doi.org/10.1007/978-94-017-8685-0_6#Sec81
http://dx.doi.org/10.1007/978-94-017-8685-0_6#Sec87
http://dx.doi.org/10.1007/978-94-017-8685-0_6#Sec87

Contents XV

6.6 Microscope Objectives. . . .. ..o ittt 297

6.6.1 The Lister Type . ........... ... ... ... ... .... 298

6.6.2 A 40x Apochromatic Objective . . ............... 302

6.6.3  Exercise 19, Aberrations of the 40x Apochromat . . . . . 307

6.6.4  Tudorovsky’s Objective . . . .................... 308

6.6.5 Centring Tolerance Calculations . ................ 310

6.6.6  Exercise 20, Centring Tolerances of the

40x Apochromat. . . ......... ... ... ... ... ... 311

6.6.7 A Flat Field Objective . . . ..................... 311

6.7 Applications of Aspheric Surfaces. . .................... 318

6.7.1 Design of a CD Objective . .................... 318

6.7.2  Mirror Objectives . .. ....... ..., 319

6.7.3 Newton’s Objective . . . ....... ... ... ... ....... 320

6.7.4  Cassegrain-Type Objectives . . .. ................ 321

6.7.5 The Schmidt Camera......................... 323
6.7.6  Exercise 21, Aspherization of a Double Gauss

Objective . . ..ottt 325

6.7.7  Diffractive Optics . .. ........ ... ... ... ... .... 325

References . . .. ... o i 328

About the Author . . ... ... .. ... ... .. 329


http://dx.doi.org/10.1007/978-94-017-8685-0_6#Sec88
http://dx.doi.org/10.1007/978-94-017-8685-0_6#Sec88
http://dx.doi.org/10.1007/978-94-017-8685-0_6#Sec89
http://dx.doi.org/10.1007/978-94-017-8685-0_6#Sec89
http://dx.doi.org/10.1007/978-94-017-8685-0_6#Sec92
http://dx.doi.org/10.1007/978-94-017-8685-0_6#Sec92
http://dx.doi.org/10.1007/978-94-017-8685-0_6#Sec94
http://dx.doi.org/10.1007/978-94-017-8685-0_6#Sec94
http://dx.doi.org/10.1007/978-94-017-8685-0_6#Sec95
http://dx.doi.org/10.1007/978-94-017-8685-0_6#Sec95
http://dx.doi.org/10.1007/978-94-017-8685-0_6#Sec97
http://dx.doi.org/10.1007/978-94-017-8685-0_6#Sec97
http://dx.doi.org/10.1007/978-94-017-8685-0_6#Sec1072
http://dx.doi.org/10.1007/978-94-017-8685-0_6#Sec1072
http://dx.doi.org/10.1007/978-94-017-8685-0_6#Sec1072
http://dx.doi.org/10.1007/978-94-017-8685-0_6#Sec99
http://dx.doi.org/10.1007/978-94-017-8685-0_6#Sec99
http://dx.doi.org/10.1007/978-94-017-8685-0_6#Sec101
http://dx.doi.org/10.1007/978-94-017-8685-0_6#Sec101
http://dx.doi.org/10.1007/978-94-017-8685-0_6#Sec102
http://dx.doi.org/10.1007/978-94-017-8685-0_6#Sec102
http://dx.doi.org/10.1007/978-94-017-8685-0_6#Sec103
http://dx.doi.org/10.1007/978-94-017-8685-0_6#Sec103
http://dx.doi.org/10.1007/978-94-017-8685-0_6#Sec104
http://dx.doi.org/10.1007/978-94-017-8685-0_6#Sec104
http://dx.doi.org/10.1007/978-94-017-8685-0_6#Sec105
http://dx.doi.org/10.1007/978-94-017-8685-0_6#Sec105
http://dx.doi.org/10.1007/978-94-017-8685-0_6#Sec106
http://dx.doi.org/10.1007/978-94-017-8685-0_6#Sec106
http://dx.doi.org/10.1007/978-94-017-8685-0_6#Sec1076
http://dx.doi.org/10.1007/978-94-017-8685-0_6#Sec1076
http://dx.doi.org/10.1007/978-94-017-8685-0_6#Sec1076
http://dx.doi.org/10.1007/978-94-017-8685-0_6#Sec108
http://dx.doi.org/10.1007/978-94-017-8685-0_6#Sec108
http://dx.doi.org/10.1007/978-94-017-8685-0_6#Bib1

2 Springer
http://www.springer.com/978-94-017-8684-3

& Course in Lens Design
Velzel, C.

2014, XV, 334 p. 231 illus., Hardcover
ISBN: 278-24-017-B684-3



	Contents



