
POAN Research Group (Ed.) 

New Aspects 
of Electromagnetic 
and Acoustic 
Wave Diffusion 

With 31 Figures 

Ü J Springer 



Contents 

1. Multiple Scattering of Light 1 
1.1 Analogies between Light and Electrons? 

Bart van Tiggelen and Ad Lagendijk 3 
1.2 Coherent Beam, Diffuse Beam and Speckies: the Old View 

Bart van Tiggelen and Ad Lagendijk 6 
1.2.1 Coherent Beam 6 
1.2.2 Diffuse Beam and Speckies 7 

1.3 Diffusing-Wave Spectroscopy 
Georg Maret and Roger Maynard 11 
1.3.1 Basic Physics 11 
1.3.2 Specificity of Diffusing-Wave Spectroscopy 12 
1.3.3 Foams and Liquid Crystals 14 
1.3.4 Imaging with Diffusing-Wave Spectroscopy 15 
1.3.5 Perspectives 16 

1.4 Coherent Beam, Diffuse Beam and Speckies: A New View . . . 16 
1.4.1 Diffuse Beam: Coherent Backscattering 

and Localization 
Roger Maynard, Bart van Tiggelen, Georg Maret, 
Ad Lagendijk and Diederik Wiersma 17 

1.4.2 Diffuse Beam: Photonic Hall Effect 
Bart van Tiggelen and Geert Rikken 22 

1.4.3 Diffuse Beam: Optics in Nematic Liquid Crystals 
Bart van Tiggelen and Roger Maynard 24 

1.4.4 Coherent Beam 
Ad Lagendijk and Bart van Tiggelen 24 

1.4.5 Speckies 
Bart van Tiggelen 27 

1.5 Multiple Scattering of Microwaves 
Patrick Sebbah and Azriel Genack 28 
1.5.1 Experimental Approach 28 
1.5.2 Correlation Functions in Space and Frequency 29 
1.5.3 Phase Statistics 31 



VIII Contents 

2. Optical Medical Diagnostics and Imaging 
Jean Virmont and Guy Ledanois 35 
2.1 Overview of Optical Imaging in Tissues 35 

2.1.1 Microscopy 36 
2.1.2 Oximetry 38 
2.1.3 Fluorescence and Tumors 38 
2.1.4 Combining Ultrasonic and Light Waves 39 

2.2 Optical Imaging of Thick Organs 40 
2.2.1 Forward Problem 41 
2.2.2 Inverse Problem 42 

3. EfFective-Medium and Coherent-Potential Approximation 
Kurt Busch and Costas Soukoulis 45 
3.1 The New EfFective-Medium Theory 45 
3.2 Results for Long-Wavelength Limit 48 
3.3 Results for Finite Frequencies 48 
3.4 Study of the Localization Parameter 48 
3.5 Discussion 50 

4. Acoustic and Ultrasonic Propagation 51 
4.1 Ultrasonic Wave Propagation in Random Media 

Arnaud Derode, Mathias Fink, Philippe Roux 
and Jean-Louis Thomas 51 
4.1.1 Coherence Measurement and Aberration Compensation 51 
4.1.2 Coherent Backscattering with Acoustic Waves 53 
4.1.3 Time Reversal of Wave Propagation 55 

4.2 Coherent Beam 
Ping Sheng 59 

4.3 Transmission and Reflection of Acoustic Pulses 
by Randomly Layered Media 
Jean-Pierre Fouque 62 
4.3.1 Transmitted Pulse 64 
4.3.2 Reflected Signal 64 

5. Lidar 
Francois Nicolas and Pierre Flamant 67 
5.1 Historical Background 67 
5.2 Principle 68 
5.3 Incoherent Multiple Scattering 70 

5.3.1 Single-Backscattering Approximation 71 
5.3.2 Direct Problem 73 
5.3.3 Inverse Problem 75 

5.4 Coherent Backscattering 77 



Contents IX 

6. Applied Mathematics 
Jean Lacroix 79 
6.1 Localization Theory 79 

6.1.1 One-Dimensional Lattice 80 
6.1.2 Strong Localization is Very Unlikely 81 
6.1.3 Strong Localization a.s. Occurs 81 
6.1.4 The Multidimensional Lattice Case 82 
6.1.5 Extensions 82 
6.1.6 Mean Square Displacement 82 

6.2 Defining Mass Operators for Random Systems 
Adriaan Tip 83 
6.2.1 Introduction 83 
6.2.2 An Operator Expression for the Mass Operator 84 
6.2.3 Existence of E{z) 85 

7. Seismology 
Michel Campillo, Ludovic Margerin and Keiiti Aki 87 
7.1 Specific Consequences of Elasticity 87 
7.2 1D Problem 88 

7.2.1 Acoustic Waves 89 
7.2.2 Elastic Waves 90 

7.3 Seismic Coda 92 
7.3.1 Inhomogeneous Diffusion Models 94 
7.3.2 Role of Polarization 96 

7.4 Coherent Backscattering and Localization in Seismology 97 

References 101 

List of Contributors 111 

Index 115 


