Contents

1. Historyof Optics . ........ ... ... ... . i, 1
1.1 The Mysterious Rock CrystatLens ..................... 1
1.2 Ideas Generated by Greek Philosophers ................. 3
1.3 AMorning Star ... ... e 7
1.4 RENAISSANCE . . . ..ottt ittt 8
1.5 The Lengthy Path to Snell'sLaw  ...................... 10
1.6 A Time Bomb to Modern Optics  ......... ... ... ...... I
1.7 Newton’s Rings and Newton’s Corpuscular Theory ....... 13
1.8 Downfall of the Corpuscie and Rise of the Wave  ....... 17
1.9 Building Blocks of Modern Optics  ...............covin. 18
1.10 Quantaand Photons ............. ... i, 21
1.11 Reconciliation Between Waves and Particles ............. 24
1.12 Ever Growing OpticS .. ......vurvrniiinni i 25

2. Mathematics Used for Expressing Waves .................... 27
2.1 Spherical Waves ........ ... .. . i 27
2.2 Cylindrical Waves .......... .. ... o it 29
23 Plane Waves ...t e 30
2.4 Interference of Two Waves ........... ... coiaiiiiiinn 34
2.5 Spatial Frequency ........ ... ...l 36
2.6 The Relationship Between Engineering Optics and

Fourier Transforms .......... ... ot iiiiiiiaennn. 37
2.7 Special Functions Used in Engineering Optics and
Their Fourier Transforms ....... ... ... ... ... .. ... .... 40
2.7.1 The Triangle Function ........................... 40
2.7.2 The Sign Function .......... ... iiiiiiaeieanannn 41
27.3 TheStepFunction ....................ooiiiian. 42
274 TheDeltaFunction ............ ... ..oviiiiiiin. 43
2.7.5 The Comb Function ............ .. ... . coiiunn. 44
2.8 Fourier Transform in Cylindrical Coordinates ........... 46
2.8.1 Hankel Transform ........ ... .. ... ... .. ... .ot 46
2.8.2 Examples Involving Hankel Transforms ............ 50
2.9 A Hand-Rotating Argument of the Fourier Transform .... 52
Problems . .. oo e e 53

Bibliografische Informationen E! E
http://d-nb.info/861117204 dotasere o M O YHE


http://d-nb.info/861117204

Xl

10.

1.

Contents

8.8.5 Laser Machining . .......... ...,
8.8.6 Observation of Deformation by Means of an

Interferometric Hologram ...................... ...

8.8.7 Detection of the Difference Between Two Pictures ..

8.8.8 Observation of a Vibrating Object .................

8.8.9 Generation of Contour Lines of an Object  .........

Problems . ... . e

. Laboratory Procedures for Fabricating Holograms ............

9.1 Isolating the Work Area from Environmental Noise  ......
9.2 Necessary Optical Elements for Fabricating Holograms ..
9.2.1 Optical Bench ........... ... ... ... ... ... ...
922 Laser.........oouuiiiiiininn, e
9.23 Beam Director...........ci i
9.24 Spatial Filter .. ...... .. .. ... ... ... .
9.25 Beam Splitter ......... ... ... L,
9.2.6 Photographic-PlateHolder ........................
927 Film ...
9.3 Photographic Illustration of the Experimental Procedures
for Hologram Fabrication .............................
94 Exposure Time ......... ... .. ... i,
9.5 Dark-Room Procedures .......... .. ... ...t
9.5.1 Developing. ...t
952 StopBath ........ .. ... ... ...
9.5.3 FiXer. ...
9.54 WaterRinsing ............. ... i,
9.5.5 Drying...... e
956 Bleaching .............. ... . ... ... i
9.6 Viewingthe Hologram ................................

Analysis of the Optical System in the Spatial Frequency Domain
10.1 Transfer Function for Coherent Light ..................

10.1.1 Impulse Response Function ......................

10.1.2 Coherent Transfer Function (CTF) ...............
10.2 Spatial Coherence and Temporal Coherence .............
10.3 Differences Between the Uses of Coherent and

Incoherent Light ............. ... ... .. ... ...........
10.4 Transfer Function for Incoherent Light .................
10.5 Modulation Transfer Function (MTF)
10.6 Relationship Between MTF and OTF
Problems

Optical Signal Processing ..................................
1.1 Characteristics of a Photographic Film .................
11.2 Basic Operations of Computation by Light ..............

11.2.1 Operation of Addition and Subtraction ...........



12.

Contents

11.2.2 Operation of Multiplication ......................
11.2.3 Operationof Division ............coovvnnina...
11.2.4 Operation of Averaging ................cooeenen.
11.2.5 Operation of Differentiation .....................
11.3 Optical Signal Processing Using Coherent Light  .........
11.3.1 Decoding by Fourier Transform ..................
11.3.2 Inverse Filters ......... .o it
11.3.3 WienerFilter ... ... .o
11.3.4 A Filter for Recovering the Image from a
Periodically Sampled Picture .....................
11.3.5 Matched Filter ........ ... . i,
11.4 Convolution Filter . ....... ... ... .. .. . i
11.5 Optical Signal Processing Using Incoherent Light  ........
11.5.1 The Multiple Pinhole Camera ...................
11.5.2 Time Modulated Multiple Pinhole Camera ........
11.5.3 Low-Pass Filter Made of Randomly Distributed
SmallPupils ... . oo
11.6 Incoherent Light Matched Filter .................... ...
11.7 Logarithmic Filtering ....... ... ..ot
11.8 Tomography . ...t
11.8.1 Planigraphic Tomography ........................
11.8.2 Computed Tomography (CT) ....................
Problems . .o

Applications of Microwave Holography ......................
12.1 Recording Microwave Field Intensity Distributions .......
12.1.1 Scanning Probe Method .........................
12.1.2 Method Based on Changes in Color Induced by
Microwave Heating ........... ... ...oivienien.
12.1.3 Method by Thermal Vision ......................
12.1.4 Method by Measuring Surface Expansion .........
12.2 Microwave Holography Applied to Diagnostics
and Antenna Investigations ......................
12.2.1 “Seeing Through” by Means of Microwave
Holography ........ ... i nns
12.2.2 Visualization of the Microwave Phenomena .......
12.2.3 Subtractive Microwave Holography ...............
12.2.4 HolographicAntenna ...................ooooiintn
12.2.5 A Method of Obtaining the Far-Field Pattern from
the Near Field Pattern  ........ ... ..o,
12.3 Side Looking Synthetic Aperture Radar .................
12.3.1 Mathematical Analysis of Side Looking Synthetic
Aperture Radar.......... ... .. il
124 HISSRAAAr . . ..ottt
12.4.1 Hologram Matrix ........ ...t



X1v Contents

13. Fiber Optical Communication ............................... 341
13.1 Advantages of Optical Fiber Systems ................... 342
13.1.1 Large Information Transmission Capability ........ 342
13.1.2 Low Transmission Loss .......................... 342
13.1.3 Non-MetallicCable ............................. 342
13.2 Optical Fiber ... ... . . 343
13.3 Dispersion of the Optical Fiber ........................ 344
13.4 Fiber Transmission Loss Characteristics ................. 347
13.5 Types of Fiber Used for Fiber Optical Communication .. 350
13.6 Receivers for Fiber Optical Communications ............ 351
13.6.1 PINPhotodiode ................................ 351
13.6.2 Avalanche Photodiode . .......................... 354
13.6.3 Comparison Between PIN Photodiode and APD ... 356
13.7 Transmitters for Fiber Optical Communications .. ....... 356
13.7.1 Light Emitting Diode (LED) .................... 357
13.7.2 LaserDiode (LD) ........ .. ... ... .. ........... 359
13.7.3 Laser Cavity and Laser Action ................... 361
13.7.4 Temperature Dependence of the Laser Diode (LD) 365
13.7.5 Comparison Between LED andLD ............... 366
13.8 Connectors, Splices, and Couplers ...................... 366
13.8.1 Optical Fiber Connector ......................... 366
1382 Splicing ........... . 367
13.8.3 Fiber Optic Couplers ........................... 368
13.9 Wavelength Division Multiplexing (WDM) .............. 370
13.10 Optical Attenuators ................ ... ... ... ... ...... 372
13.11 Design Procedure for Fiber Optical Communication
SYSEEMS. . oo 373
Problems ... ... ... .. 376
14. Electro and Accousto Optics ................... ... . .. .. ... 378
14.1 Propagation of Light in a Uniaxial Crystal — ............. 378
14.2 Field in an Electrooptic Medium ....................... 382
14.2.1 Examples for Calculating the Field in an
ElectroopticMedium ............................ 385
14.2.2 Applications of the Electrooptic Bulk Effect ....... 391
14.3 ElastoopticEffect .................. .. oo, 394
14.3.1 Elastooptic Effect in an Isotropic Medium  ........ 394
14.3.2 Elastooptic Effect in an Anisotropic Medium ... ... 397
14.4 Miscellaneous Effects .......................... .. .. .... 401
14.4.1 Optical Activity .............. ... ... .. ... ... 401
14.42 Faraday Effect ................ ... ... .. .. ... .. 403
14.4.3 Other Magnetooptic Effects ...................... 404
14.4.4 Franz-Keldysh Effect ............................ 404

Problems ... ... ... ... . . 405



Contents XV

15. Integrated Optics . ... ... ... ... ... .. 408
15.1 Analysis of the Slab Optical Guide  .................... 408
15.1.1 Differential Equations of Wave Optics  ............ 409
15.1.2 General Solution for the TEModes  .............. 410
15.1.3 Boundary Conditions ........... ... ointtn 412
1514 TMModes .. ..o oe it 416
15.1.5 Treatment by Geometrical Optics  ................ 416
15.1.6 Comparison Between the Results
by Geometrical Optics and by Wave Optics ......... 418
15.2 Coupled-Mode Theory ............. ..., 419
15.3 Basic Devices in Integrated Optics  ..................... 427
15.3.1 Directional Coupler Switch ...................... 427
15.3.2 Reversed 44 Directional Coupler ................. 429
15.3.3 Tunable Directional Coupler Filter ............... 433
15.3.4 YJUnction .........iiiininii i 433
15.3.5 Mach-Zehnder Interferometric Modulator .......... 435
15.3.6 Waveguide Modulator ...................... ..., 437
15.3.7 Acoustooptic Modulator ............ ... .. ... .. ... 437
15.4 Bistable Optical Devices ........... ... ... ..o, 443
15.4.1 Optically Switchable Directional Coupler ......... 444
1542 Optical Triode ........ooiiiiiniiiiiiit, 447
15.4.3 Optical AND and OR Gates .................... 448
15.4.4 Other Types of Bistable Optical Devices .......... 449
15.4.5 Self-Focusing Action and Optical Bistability —...... 450
15.5 Consideration of Polarization ................. e 451
15.6 Integrated Optical Lenses and the Spectrum Analyzer ...... 454
15.6.1 ModelIndex Lens ......... . ... .. ... ... .. ..... 455
15.6.2 GeodesicLens .. ... ... .. . i, 456
15.6.3 Fresnel ZoneLens ........... ... .. ... ... ..... 456
15.6.4 Integrated Optical Spectrum Analyzer ............. 458
15.7 Methods of Fabrication ................ .. ... ... .. ... 459
15.7.1 Fabrication of Optical Guides ................... 459
15.7.2 Fabricationof Patterns ................... ... ... 461
15.7.3 Summary of Strip Guides .............. ... ... ... 463
15.7.4 Summary of Geometries of Electrodes ............ 464
Problems . ... ... .. 465
References ... ... ... .ottt 469

SubjectIndex . ... ... .. ... 481



