Contents

Introduction . . . .. ...............
1.1  General Remarks ............
1.2 To the Content of the Book . . . ..
1.3 The General Problem .........
1.4

One Remark Concerning Conventions. . ... .............

Part I Classical Description of the Interaction of Light with Matter

2

The Linear Dielectric Susceptibility . . .

2.1
2.2
2.3
24
2.5
2.6

Maxwell’s Equations. . . . ......
The Linear Dielectric Susceptibility
Linear Optical Constants . . . . . ..
Some General Remarks . . . ... ..

Example: Orientation Polarization and Debye’s Equations . . . .

Energy Dissipation . . .........

The Classical Treatment of Free and Bound Charge Carriers. . . .

3.1

32

33

34
3.5

Free Charge Carriers. . ........

3.1.1 Derivation of Drude’s Formula I. . ... ...........
3.1.2  Derivation of Drude’s Formula IT . . .. ...........
The Oscillator Model for Bound Charge Carriers .. ........

3.2.1 General Idea. . ........
3.2.2  Microscopic Fields . . ...
3.2.3  The Clausius-Mossotti and

Equations. . . .........

Lorentz-Lorenz-

Probing Matter in Different Spectral Regions . . . .. ........

Spatial Dispersion. . .. ........
Attempt of an Illustrative Approach

AN BN ==

11
11
13
15
18
19
23

25
25
25
28
31
31
33

35
39
39
42

Xvii


http://dx.doi.org/10.1007/978-3-319-21602-7_1
http://dx.doi.org/10.1007/978-3-319-21602-7_1
http://dx.doi.org/10.1007/978-3-319-21602-7_1#Sec1
http://dx.doi.org/10.1007/978-3-319-21602-7_1#Sec1
http://dx.doi.org/10.1007/978-3-319-21602-7_1#Sec2
http://dx.doi.org/10.1007/978-3-319-21602-7_1#Sec2
http://dx.doi.org/10.1007/978-3-319-21602-7_1#Sec3
http://dx.doi.org/10.1007/978-3-319-21602-7_1#Sec3
http://dx.doi.org/10.1007/978-3-319-21602-7_1#Sec4
http://dx.doi.org/10.1007/978-3-319-21602-7_1#Sec4
http://dx.doi.org/10.1007/978-3-319-21602-7_2
http://dx.doi.org/10.1007/978-3-319-21602-7_2
http://dx.doi.org/10.1007/978-3-319-21602-7_2#Sec1
http://dx.doi.org/10.1007/978-3-319-21602-7_2#Sec1
http://dx.doi.org/10.1007/978-3-319-21602-7_2#Sec2
http://dx.doi.org/10.1007/978-3-319-21602-7_2#Sec2
http://dx.doi.org/10.1007/978-3-319-21602-7_2#Sec3
http://dx.doi.org/10.1007/978-3-319-21602-7_2#Sec3
http://dx.doi.org/10.1007/978-3-319-21602-7_2#Sec4
http://dx.doi.org/10.1007/978-3-319-21602-7_2#Sec4
http://dx.doi.org/10.1007/978-3-319-21602-7_2#Sec5
http://dx.doi.org/10.1007/978-3-319-21602-7_2#Sec5
http://dx.doi.org/10.1007/978-3-319-21602-7_2#Sec6
http://dx.doi.org/10.1007/978-3-319-21602-7_2#Sec6
http://dx.doi.org/10.1007/978-3-319-21602-7_3
http://dx.doi.org/10.1007/978-3-319-21602-7_3
http://dx.doi.org/10.1007/978-3-319-21602-7_3#Sec1
http://dx.doi.org/10.1007/978-3-319-21602-7_3#Sec1
http://dx.doi.org/10.1007/978-3-319-21602-7_3#Sec2
http://dx.doi.org/10.1007/978-3-319-21602-7_3#Sec2
http://dx.doi.org/10.1007/978-3-319-21602-7_3#Sec3
http://dx.doi.org/10.1007/978-3-319-21602-7_3#Sec3
http://dx.doi.org/10.1007/978-3-319-21602-7_3#Sec4
http://dx.doi.org/10.1007/978-3-319-21602-7_3#Sec4
http://dx.doi.org/10.1007/978-3-319-21602-7_3#Sec5
http://dx.doi.org/10.1007/978-3-319-21602-7_3#Sec5
http://dx.doi.org/10.1007/978-3-319-21602-7_3#Sec6
http://dx.doi.org/10.1007/978-3-319-21602-7_3#Sec6
http://dx.doi.org/10.1007/978-3-319-21602-7_3#Sec7
http://dx.doi.org/10.1007/978-3-319-21602-7_3#Sec7
http://dx.doi.org/10.1007/978-3-319-21602-7_3#Sec7
http://dx.doi.org/10.1007/978-3-319-21602-7_3#Sec8
http://dx.doi.org/10.1007/978-3-319-21602-7_3#Sec8
http://dx.doi.org/10.1007/978-3-319-21602-7_3#Sec9
http://dx.doi.org/10.1007/978-3-319-21602-7_3#Sec9
http://dx.doi.org/10.1007/978-3-319-21602-7_3#Sec10
http://dx.doi.org/10.1007/978-3-319-21602-7_3#Sec10

XViii

4  Derivations from the Oscillator Model . . . . . ... .. ...
4.1 Natural Linewidth. . .. ....... ... ... .....
4.2  Homogeneous and Inhomogeneous Line Broadening

Mechanisms. . . .. ...
421 General ........ ... . ... . . ... ..
4.2.2  Collision Broadening. . . .............
423  Doppler Broadening . ...............
424 Brendel Model . .. .................
4.3  Oscillators with More Than One Degree of Freedom
4.4  Sellmeier’s and Cauchy’s Formulae. . .. ........
4.5  Optical Properties of Mixtures .. .............
4.5.1 Motivation and Example . .. ..........
4.5.2  The Maxwell Garnett, Bruggeman
and Lorentz-Lorenz Mixing Models . . . ..
4.5.3  Metal-Dielectric Mixtures and Remarks
on Surface Plasmons. . ... ...........
4.5.4  Dielectric Mixtures and Wiener Bounds. . .
455 The Effectof Pores. . .. .............
4.5.6  The Refractive Index of Amorphous Silicon
in Terms of the Lorentz-Lorenz Approach:
A Model Calculation. . ..............

5  The Kramers-Kronig Relations . . . .. .............
5.1  Derivation of the Kramers-Kronig Relations. . . . . .

5.2 Some Conclusions . ......................

5.3 Resume from Chaps. 2—4 and this Chapter. . .. ...
5.3.1 Overview on Main Results. . .. ........

532 Problems............ ... ... ... ...

Part II Interface Reflection and Interference Phenomena
in Thin Film Systems

6 Planar Interfaces . ... ........ ... .. ... ... .....
6.1  Transmission, Reflection, Absorption and Scattering
6.1.1 Definitions. . . ... .................

6.1.2  Experimental Aspects . ..............

6.1.3  Remarks on the Absorbance Concept . . . .

6.2  The Effect of Planar Interfaces: Fresnel’s Formulae.

6.3  Total Reflection of Light. ... ...............
6.3.1  Conditions of Total Reflection . ... .....

632 Discussion. ................0......

6.3.3  Attenuated Total Reflection ATR .. ... ..

Contents

47
47

49
49
50
50
51
52
54
57
57

61

64
67
72

78

85
85
&9
91
91
92


http://dx.doi.org/10.1007/978-3-319-21602-7_4
http://dx.doi.org/10.1007/978-3-319-21602-7_4
http://dx.doi.org/10.1007/978-3-319-21602-7_4#Sec1
http://dx.doi.org/10.1007/978-3-319-21602-7_4#Sec1
http://dx.doi.org/10.1007/978-3-319-21602-7_4#Sec2
http://dx.doi.org/10.1007/978-3-319-21602-7_4#Sec2
http://dx.doi.org/10.1007/978-3-319-21602-7_4#Sec2
http://dx.doi.org/10.1007/978-3-319-21602-7_4#Sec3
http://dx.doi.org/10.1007/978-3-319-21602-7_4#Sec3
http://dx.doi.org/10.1007/978-3-319-21602-7_4#Sec4
http://dx.doi.org/10.1007/978-3-319-21602-7_4#Sec4
http://dx.doi.org/10.1007/978-3-319-21602-7_4#Sec5
http://dx.doi.org/10.1007/978-3-319-21602-7_4#Sec5
http://dx.doi.org/10.1007/978-3-319-21602-7_4#Sec6
http://dx.doi.org/10.1007/978-3-319-21602-7_4#Sec6
http://dx.doi.org/10.1007/978-3-319-21602-7_4#Sec7
http://dx.doi.org/10.1007/978-3-319-21602-7_4#Sec7
http://dx.doi.org/10.1007/978-3-319-21602-7_4#Sec8
http://dx.doi.org/10.1007/978-3-319-21602-7_4#Sec8
http://dx.doi.org/10.1007/978-3-319-21602-7_4#Sec9
http://dx.doi.org/10.1007/978-3-319-21602-7_4#Sec9
http://dx.doi.org/10.1007/978-3-319-21602-7_4#Sec10
http://dx.doi.org/10.1007/978-3-319-21602-7_4#Sec10
http://dx.doi.org/10.1007/978-3-319-21602-7_4#Sec11
http://dx.doi.org/10.1007/978-3-319-21602-7_4#Sec11
http://dx.doi.org/10.1007/978-3-319-21602-7_4#Sec11
http://dx.doi.org/10.1007/978-3-319-21602-7_4#Sec12
http://dx.doi.org/10.1007/978-3-319-21602-7_4#Sec12
http://dx.doi.org/10.1007/978-3-319-21602-7_4#Sec12
http://dx.doi.org/10.1007/978-3-319-21602-7_4#Sec13
http://dx.doi.org/10.1007/978-3-319-21602-7_4#Sec13
http://dx.doi.org/10.1007/978-3-319-21602-7_4#Sec14
http://dx.doi.org/10.1007/978-3-319-21602-7_4#Sec14
http://dx.doi.org/10.1007/978-3-319-21602-7_4#Sec15
http://dx.doi.org/10.1007/978-3-319-21602-7_4#Sec15
http://dx.doi.org/10.1007/978-3-319-21602-7_4#Sec15
http://dx.doi.org/10.1007/978-3-319-21602-7_4#Sec15
http://dx.doi.org/10.1007/978-3-319-21602-7_5
http://dx.doi.org/10.1007/978-3-319-21602-7_5
http://dx.doi.org/10.1007/978-3-319-21602-7_5#Sec1
http://dx.doi.org/10.1007/978-3-319-21602-7_5#Sec1
http://dx.doi.org/10.1007/978-3-319-21602-7_5#Sec111
http://dx.doi.org/10.1007/978-3-319-21602-7_5#Sec111
http://dx.doi.org/10.1007/978-3-319-21602-7_5#Sec112
http://dx.doi.org/10.1007/978-3-319-21602-7_5#Sec112
http://dx.doi.org/10.1007/978-3-319-21602-7_5#Sec3
http://dx.doi.org/10.1007/978-3-319-21602-7_5#Sec3
http://dx.doi.org/10.1007/978-3-319-21602-7_5#Sec123
http://dx.doi.org/10.1007/978-3-319-21602-7_5#Sec123
http://dx.doi.org/10.1007/978-3-319-21602-7_6
http://dx.doi.org/10.1007/978-3-319-21602-7_6
http://dx.doi.org/10.1007/978-3-319-21602-7_6#Sec1
http://dx.doi.org/10.1007/978-3-319-21602-7_6#Sec1
http://dx.doi.org/10.1007/978-3-319-21602-7_6#Sec2
http://dx.doi.org/10.1007/978-3-319-21602-7_6#Sec2
http://dx.doi.org/10.1007/978-3-319-21602-7_6#Sec3
http://dx.doi.org/10.1007/978-3-319-21602-7_6#Sec3
http://dx.doi.org/10.1007/978-3-319-21602-7_6#Sec4
http://dx.doi.org/10.1007/978-3-319-21602-7_6#Sec4
http://dx.doi.org/10.1007/978-3-319-21602-7_6#Sec5
http://dx.doi.org/10.1007/978-3-319-21602-7_6#Sec5
http://dx.doi.org/10.1007/978-3-319-21602-7_6#Sec6
http://dx.doi.org/10.1007/978-3-319-21602-7_6#Sec6
http://dx.doi.org/10.1007/978-3-319-21602-7_6#Sec7
http://dx.doi.org/10.1007/978-3-319-21602-7_6#Sec7
http://dx.doi.org/10.1007/978-3-319-21602-7_6#Sec8
http://dx.doi.org/10.1007/978-3-319-21602-7_6#Sec8
http://dx.doi.org/10.1007/978-3-319-21602-7_6#Sec9
http://dx.doi.org/10.1007/978-3-319-21602-7_6#Sec9

Contents

6.4

6.5

Metal Surfaces . .. ....... ... .. ...
6.4.1  Metallic Reflection . . ... ................. ...
6.4.2  Propagating Surface Plasmon Polaritons. . . .. ......
Anisotropic Materials . .. ......... ... ... .. . ...
6.5.1 Interface Reflection Between an Isotropic

and an Anisotropic Material . . ... ... ... ... ... .
6.5.2  Giant Birefringent Optics. . . ..................

7 Thick Slabs and Thin Films . . . ... ......................

7.1
7.2
7.3
7.4

Transmittance and Reflectance of a Thick Slab. . . ... ... ...
Thick Slabs and Thin Films . . . ......................
Spectraof Thin Films . . . ........ .. ... .. .. .. ... ...
Special Cases. . .. ...
7.4.1  Vanishing Damping . .......................
7.4.2 Halfwave Layers. . ........ ... ... ... ... .....
7.4.3 Quarterwave Layers . ......... ... ... ... .....
7.44  Free-Standing Films . .......................
7.4.5 A Single Thin Film on a Thick Substrate. . . . ... ...
7.4.6 A Few More Words on Reverse Search

Procedures. . . ... ... ... ..

8 Gradient Index Films and Multilayers. . . ... ...............

8.1

8.2

Gradient Index Films. . .. ........ ... ... ... .........
8.1.1  General Assumptions. . . .....................
8.12 s-Polarization . . . ... ............... ... .....
8.1.3 p-Polarization. .. .......... ... ... .. .. .. ......
8.1.4  Calculation of Transmittance and Reflectance. . . . . ..
Multilayer Systems . . . .. ..o
8.2.1 The Characteristic Matrix. . . .. ................
8.2.2  Characteristic Matrix of a Single Homogeneous

Film . ... ... .. .
8.2.3  Characteristic Matrix of a Film Stack . ...........
8.2.4  Calculation of Transmittance and Reflectance. . . . . ..

9 Special Geometries . . . ... ..., ... ...

9.1
9.2

9.3

Quarterwave Stacks and Derived Systems .. .............
Chirped and Dispersive Mirrors . .. ...................
9.2.1  Basic Properties of Short Light Pulses:

Qualitative Discussion. . . . ...................
9.2.2  General Idea of Chirped Mirror Design . . ... ......
9.2.3  First and Second Order Dispersion Theory. . .......
9.2.4  Spectral Targets for Dispersive Mirrors

and Examples. . .. ... ... ...
Structured Surfaces. . . .......... ... o oL

Xix


http://dx.doi.org/10.1007/978-3-319-21602-7_6#Sec10
http://dx.doi.org/10.1007/978-3-319-21602-7_6#Sec10
http://dx.doi.org/10.1007/978-3-319-21602-7_6#Sec11
http://dx.doi.org/10.1007/978-3-319-21602-7_6#Sec11
http://dx.doi.org/10.1007/978-3-319-21602-7_6#Sec12
http://dx.doi.org/10.1007/978-3-319-21602-7_6#Sec12
http://dx.doi.org/10.1007/978-3-319-21602-7_6#Sec13
http://dx.doi.org/10.1007/978-3-319-21602-7_6#Sec13
http://dx.doi.org/10.1007/978-3-319-21602-7_6#Sec14
http://dx.doi.org/10.1007/978-3-319-21602-7_6#Sec14
http://dx.doi.org/10.1007/978-3-319-21602-7_6#Sec14
http://dx.doi.org/10.1007/978-3-319-21602-7_6#Sec15
http://dx.doi.org/10.1007/978-3-319-21602-7_6#Sec15
http://dx.doi.org/10.1007/978-3-319-21602-7_7
http://dx.doi.org/10.1007/978-3-319-21602-7_7
http://dx.doi.org/10.1007/978-3-319-21602-7_7#Sec1
http://dx.doi.org/10.1007/978-3-319-21602-7_7#Sec1
http://dx.doi.org/10.1007/978-3-319-21602-7_7#Sec2
http://dx.doi.org/10.1007/978-3-319-21602-7_7#Sec2
http://dx.doi.org/10.1007/978-3-319-21602-7_7#Sec3
http://dx.doi.org/10.1007/978-3-319-21602-7_7#Sec3
http://dx.doi.org/10.1007/978-3-319-21602-7_7#Sec4
http://dx.doi.org/10.1007/978-3-319-21602-7_7#Sec4
http://dx.doi.org/10.1007/978-3-319-21602-7_7#Sec5
http://dx.doi.org/10.1007/978-3-319-21602-7_7#Sec5
http://dx.doi.org/10.1007/978-3-319-21602-7_7#Sec6
http://dx.doi.org/10.1007/978-3-319-21602-7_7#Sec6
http://dx.doi.org/10.1007/978-3-319-21602-7_7#Sec7
http://dx.doi.org/10.1007/978-3-319-21602-7_7#Sec7
http://dx.doi.org/10.1007/978-3-319-21602-7_7#Sec8
http://dx.doi.org/10.1007/978-3-319-21602-7_7#Sec8
http://dx.doi.org/10.1007/978-3-319-21602-7_7#Sec9
http://dx.doi.org/10.1007/978-3-319-21602-7_7#Sec9
http://dx.doi.org/10.1007/978-3-319-21602-7_7#Sec10
http://dx.doi.org/10.1007/978-3-319-21602-7_7#Sec10
http://dx.doi.org/10.1007/978-3-319-21602-7_7#Sec10
http://dx.doi.org/10.1007/978-3-319-21602-7_8
http://dx.doi.org/10.1007/978-3-319-21602-7_8
http://dx.doi.org/10.1007/978-3-319-21602-7_8#Sec1
http://dx.doi.org/10.1007/978-3-319-21602-7_8#Sec1
http://dx.doi.org/10.1007/978-3-319-21602-7_8#Sec2
http://dx.doi.org/10.1007/978-3-319-21602-7_8#Sec2
http://dx.doi.org/10.1007/978-3-319-21602-7_8#Sec3
http://dx.doi.org/10.1007/978-3-319-21602-7_8#Sec3
http://dx.doi.org/10.1007/978-3-319-21602-7_8#Sec4
http://dx.doi.org/10.1007/978-3-319-21602-7_8#Sec4
http://dx.doi.org/10.1007/978-3-319-21602-7_8#Sec5
http://dx.doi.org/10.1007/978-3-319-21602-7_8#Sec5
http://dx.doi.org/10.1007/978-3-319-21602-7_8#Sec6
http://dx.doi.org/10.1007/978-3-319-21602-7_8#Sec6
http://dx.doi.org/10.1007/978-3-319-21602-7_8#Sec7
http://dx.doi.org/10.1007/978-3-319-21602-7_8#Sec7
http://dx.doi.org/10.1007/978-3-319-21602-7_8#Sec8
http://dx.doi.org/10.1007/978-3-319-21602-7_8#Sec8
http://dx.doi.org/10.1007/978-3-319-21602-7_8#Sec8
http://dx.doi.org/10.1007/978-3-319-21602-7_8#Sec9
http://dx.doi.org/10.1007/978-3-319-21602-7_8#Sec9
http://dx.doi.org/10.1007/978-3-319-21602-7_8#Sec10
http://dx.doi.org/10.1007/978-3-319-21602-7_8#Sec10
http://dx.doi.org/10.1007/978-3-319-21602-7_9
http://dx.doi.org/10.1007/978-3-319-21602-7_9
http://dx.doi.org/10.1007/978-3-319-21602-7_9#Sec1
http://dx.doi.org/10.1007/978-3-319-21602-7_9#Sec1
http://dx.doi.org/10.1007/978-3-319-21602-7_9#Sec2
http://dx.doi.org/10.1007/978-3-319-21602-7_9#Sec2
http://dx.doi.org/10.1007/978-3-319-21602-7_9#Sec3
http://dx.doi.org/10.1007/978-3-319-21602-7_9#Sec3
http://dx.doi.org/10.1007/978-3-319-21602-7_9#Sec3
http://dx.doi.org/10.1007/978-3-319-21602-7_9#Sec4
http://dx.doi.org/10.1007/978-3-319-21602-7_9#Sec4
http://dx.doi.org/10.1007/978-3-319-21602-7_9#Sec5
http://dx.doi.org/10.1007/978-3-319-21602-7_9#Sec5
http://dx.doi.org/10.1007/978-3-319-21602-7_9#Sec6
http://dx.doi.org/10.1007/978-3-319-21602-7_9#Sec6
http://dx.doi.org/10.1007/978-3-319-21602-7_9#Sec6
http://dx.doi.org/10.1007/978-3-319-21602-7_9#Sec7
http://dx.doi.org/10.1007/978-3-319-21602-7_9#Sec7

XX

Contents

9.4  Remarks on Resonant Grating Waveguide Structures. . ... ...
94.1 Generalldea............. ... ... .. .. ... ...
9.4.2  Propagating Modes and Grating Period . . . ........
9.4.3  Energy Exchange Between the Propagating Modes . . .
9.4.4  Analytical Film Thickness Estimation for a GWS . . ..
9.4.5 Examples on GWS-Based Simple Reflector
and Absorber Designs . . .. ........ ... .. .. ...
9.5 Resume from Chaps. 68 and this Chapter. . . . ... ........
9.5.1 Overview on Main Results. . .. ................
9.5.2  Further Experimental Examples . ...............
953 Problems......... ... .. .. ..

Part III Semiclassical Description of the Interaction of Light

with Matter

10 Einstein Coefficients . . . . .. ...... ... .. ... ... .. ... .. ....

11

12

10.1 General Remarks . ............ .. .. .. .. .. .. .. ..
10.2  Phenomenological Description . . .. ...................
10.3 Mathematical Treatment. . . .. ........ ... ... ... ......
10.4 Perturbation Theory of Quantum Transitions . ............
10.5 Planck’s Formula . . ......... .. ... .. .. .. .. ... ....
1051 Idea ....... .. .
10.5.2 Planck Distribution . . .. ....... ... ... ... .....
10.5.3 Density of States . .. ............ ...
10.6  Expressions for Einstein Coefficients in the Dipole
APProXimation . . . . . oo v i e
107 Lasers . . ..o vt
10.7.1 Population Inversion and Light Amplification. . . . . . .
1072 Feedback.......... .. .. ... .. .,

Semiclassical Treatment of the Dielectric Function. .. ...... ...
11.1  First Suggestions . . .......... ...t
11.2  Calculation of the Dielectric Function by Means
of the Density Matrix . .. ...... ... ... ... ... ... ... ..
11.2.1 The Interaction Picture . .....................
11.2.2 Introduction of the Density Matrix . .............

Solid State Optics . . . . ....... ... . ... . .
12.1 Formal Treatment of the Dielectric Function
of Crystals (Direct Transitions). . . . ... ................
12.2 Joint Density of States. . . . .......... .. .. ...,
12.3 Indirect Transitions . . . . . ... . ... ..ot
124 Amorphous Solids . . ........ .. .. .. .
12.4.1 General Considerations . . ....................


http://dx.doi.org/10.1007/978-3-319-21602-7_9#Sec8
http://dx.doi.org/10.1007/978-3-319-21602-7_9#Sec8
http://dx.doi.org/10.1007/978-3-319-21602-7_9#Sec9
http://dx.doi.org/10.1007/978-3-319-21602-7_9#Sec9
http://dx.doi.org/10.1007/978-3-319-21602-7_9#Sec10
http://dx.doi.org/10.1007/978-3-319-21602-7_9#Sec10
http://dx.doi.org/10.1007/978-3-319-21602-7_9#Sec11
http://dx.doi.org/10.1007/978-3-319-21602-7_9#Sec11
http://dx.doi.org/10.1007/978-3-319-21602-7_9#Sec12
http://dx.doi.org/10.1007/978-3-319-21602-7_9#Sec12
http://dx.doi.org/10.1007/978-3-319-21602-7_9#Sec13
http://dx.doi.org/10.1007/978-3-319-21602-7_9#Sec13
http://dx.doi.org/10.1007/978-3-319-21602-7_9#Sec13
http://dx.doi.org/10.1007/978-3-319-21602-7_9#Sec14
http://dx.doi.org/10.1007/978-3-319-21602-7_9#Sec14
http://dx.doi.org/10.1007/978-3-319-21602-7_9#Sec15
http://dx.doi.org/10.1007/978-3-319-21602-7_9#Sec15
http://dx.doi.org/10.1007/978-3-319-21602-7_9#Sec16
http://dx.doi.org/10.1007/978-3-319-21602-7_9#Sec16
http://dx.doi.org/10.1007/978-3-319-21602-7_9#Sec17
http://dx.doi.org/10.1007/978-3-319-21602-7_9#Sec17
http://dx.doi.org/10.1007/978-3-319-21602-7_10
http://dx.doi.org/10.1007/978-3-319-21602-7_10
http://dx.doi.org/10.1007/978-3-319-21602-7_10#Sec1
http://dx.doi.org/10.1007/978-3-319-21602-7_10#Sec1
http://dx.doi.org/10.1007/978-3-319-21602-7_10#Sec2
http://dx.doi.org/10.1007/978-3-319-21602-7_10#Sec2
http://dx.doi.org/10.1007/978-3-319-21602-7_10#Sec3
http://dx.doi.org/10.1007/978-3-319-21602-7_10#Sec3
http://dx.doi.org/10.1007/978-3-319-21602-7_10#Sec3333
http://dx.doi.org/10.1007/978-3-319-21602-7_10#Sec3333
http://dx.doi.org/10.1007/978-3-319-21602-7_10#Sec5
http://dx.doi.org/10.1007/978-3-319-21602-7_10#Sec5
http://dx.doi.org/10.1007/978-3-319-21602-7_10#Sec6
http://dx.doi.org/10.1007/978-3-319-21602-7_10#Sec6
http://dx.doi.org/10.1007/978-3-319-21602-7_10#Sec7
http://dx.doi.org/10.1007/978-3-319-21602-7_10#Sec7
http://dx.doi.org/10.1007/978-3-319-21602-7_10#Sec8
http://dx.doi.org/10.1007/978-3-319-21602-7_10#Sec8
http://dx.doi.org/10.1007/978-3-319-21602-7_10#Sec9
http://dx.doi.org/10.1007/978-3-319-21602-7_10#Sec9
http://dx.doi.org/10.1007/978-3-319-21602-7_10#Sec9
http://dx.doi.org/10.1007/978-3-319-21602-7_10#Sec10
http://dx.doi.org/10.1007/978-3-319-21602-7_10#Sec10
http://dx.doi.org/10.1007/978-3-319-21602-7_10#Sec11
http://dx.doi.org/10.1007/978-3-319-21602-7_10#Sec11
http://dx.doi.org/10.1007/978-3-319-21602-7_10#Sec12
http://dx.doi.org/10.1007/978-3-319-21602-7_10#Sec12
http://dx.doi.org/10.1007/978-3-319-21602-7_11
http://dx.doi.org/10.1007/978-3-319-21602-7_11
http://dx.doi.org/10.1007/978-3-319-21602-7_11#Sec1
http://dx.doi.org/10.1007/978-3-319-21602-7_11#Sec1
http://dx.doi.org/10.1007/978-3-319-21602-7_11#Sec2
http://dx.doi.org/10.1007/978-3-319-21602-7_11#Sec2
http://dx.doi.org/10.1007/978-3-319-21602-7_11#Sec2
http://dx.doi.org/10.1007/978-3-319-21602-7_11#Sec3
http://dx.doi.org/10.1007/978-3-319-21602-7_11#Sec3
http://dx.doi.org/10.1007/978-3-319-21602-7_11#Sec4
http://dx.doi.org/10.1007/978-3-319-21602-7_11#Sec4
http://dx.doi.org/10.1007/978-3-319-21602-7_12
http://dx.doi.org/10.1007/978-3-319-21602-7_12
http://dx.doi.org/10.1007/978-3-319-21602-7_12#Sec1
http://dx.doi.org/10.1007/978-3-319-21602-7_12#Sec1
http://dx.doi.org/10.1007/978-3-319-21602-7_12#Sec1
http://dx.doi.org/10.1007/978-3-319-21602-7_12#Sec2
http://dx.doi.org/10.1007/978-3-319-21602-7_12#Sec2
http://dx.doi.org/10.1007/978-3-319-21602-7_12#Sec3
http://dx.doi.org/10.1007/978-3-319-21602-7_12#Sec3
http://dx.doi.org/10.1007/978-3-319-21602-7_12#Sec4
http://dx.doi.org/10.1007/978-3-319-21602-7_12#Sec4
http://dx.doi.org/10.1007/978-3-319-21602-7_12#Sec5
http://dx.doi.org/10.1007/978-3-319-21602-7_12#Sec5

Contents XXi

12.5 Resume from Chaps. 10-11 and this Chapter............. 292
12.5.1 Overview on Main Results. . ... ............... 292
1252 Problems.......... .. . ... . . ... 295

Part IV Basics of Nonlinear Optics

13 Some Basic Effects of Nonlinear Optics . . . ... ... ........... 303
13.1 Nonlinear Susceptibilities: Phenomenological Approach. . . . .. 303
13.1.1 General Idea. . .. ........ ... ... .. ... ... .. 303
13.1.2 Formal Treatment and Simple Second Order
Nonlinear Optical Effects. . ... ................ 305
13.1.3 Some Third Order Effects . ................... 312
13.2 Calculation Scheme for Nonlinear Optical Susceptibilities . ... 315
13.2.1 Macroscopic Susceptibilities and Microscopic
Hyperpolarizabilities . . .. .................... 315
13.2.2 Density Matrix Approach for Calculating Optical
Hyperpolarizabilities . . . .. ......... ... ... .... 316
1323 Discussion. .. ... ..., 321
13.3 Resume for this Chapter .. ......................... 325
13.3.1 Overview on Main Results. . .. ................ 325
1332 Problems......... ... .. .. .. .. 327
14 Concluding Remarks ... ........ ... ... ... ... ... ... .... 329
Too Many Equations?—A Very Final Remark on Physicists
and Mathematics. . . .. ...... ... .. ... .. ... ... 335
Bibliography . . . .. .. ... ... 337


http://dx.doi.org/10.1007/978-3-319-21602-7_12#Sec7
http://dx.doi.org/10.1007/978-3-319-21602-7_12#Sec7
http://dx.doi.org/10.1007/978-3-319-21602-7_12#Sec8
http://dx.doi.org/10.1007/978-3-319-21602-7_12#Sec8
http://dx.doi.org/10.1007/978-3-319-21602-7_12#Sec9
http://dx.doi.org/10.1007/978-3-319-21602-7_12#Sec9
http://dx.doi.org/10.1007/978-3-319-21602-7_13
http://dx.doi.org/10.1007/978-3-319-21602-7_13
http://dx.doi.org/10.1007/978-3-319-21602-7_13#Sec1
http://dx.doi.org/10.1007/978-3-319-21602-7_13#Sec1
http://dx.doi.org/10.1007/978-3-319-21602-7_13#Sec2
http://dx.doi.org/10.1007/978-3-319-21602-7_13#Sec2
http://dx.doi.org/10.1007/978-3-319-21602-7_13#Sec3
http://dx.doi.org/10.1007/978-3-319-21602-7_13#Sec3
http://dx.doi.org/10.1007/978-3-319-21602-7_13#Sec3
http://dx.doi.org/10.1007/978-3-319-21602-7_13#Sec4
http://dx.doi.org/10.1007/978-3-319-21602-7_13#Sec4
http://dx.doi.org/10.1007/978-3-319-21602-7_13#Sec5
http://dx.doi.org/10.1007/978-3-319-21602-7_13#Sec5
http://dx.doi.org/10.1007/978-3-319-21602-7_13#Sec6
http://dx.doi.org/10.1007/978-3-319-21602-7_13#Sec6
http://dx.doi.org/10.1007/978-3-319-21602-7_13#Sec6
http://dx.doi.org/10.1007/978-3-319-21602-7_13#Sec7
http://dx.doi.org/10.1007/978-3-319-21602-7_13#Sec7
http://dx.doi.org/10.1007/978-3-319-21602-7_13#Sec7
http://dx.doi.org/10.1007/978-3-319-21602-7_13#Sec8
http://dx.doi.org/10.1007/978-3-319-21602-7_13#Sec8
http://dx.doi.org/10.1007/978-3-319-21602-7_13#Sec13
http://dx.doi.org/10.1007/978-3-319-21602-7_13#Sec13
http://dx.doi.org/10.1007/978-3-319-21602-7_13#Sec14
http://dx.doi.org/10.1007/978-3-319-21602-7_13#Sec14
http://dx.doi.org/10.1007/978-3-319-21602-7_13#Sec15
http://dx.doi.org/10.1007/978-3-319-21602-7_13#Sec15
http://dx.doi.org/10.1007/978-3-319-21602-7_14
http://dx.doi.org/10.1007/978-3-319-21602-7_14

2 Springer
http://www.springer.com/978-3-319-21601-0

The Physics of Thin Film Optical Spectra
An Introduction

Stenzel, 0.

2016, X, 352 p., Hardcowver

ISBN: 978-3-319-21601-0



	Contents



