Bio-Optics Taxonomy 

I.  General Optical Issues


Properties of electromagnetic radiation

Geometric and Fourier Optics

reflection

refraction

diffraction 

lenses and lens systems 

interference

the EM spectrum

wave v. particle issues


Sources of radiation



- lamps



- lasers



- the sun


Measurements devices

II.  Spectroscopy


Energy level diagrams



Singlet states



Triplet states



Electronic transitions



Vibrational transitions



Rotational transitions



Multiphoton transitions


Absorption spectra


Emission spectra



Fluorescence



Radiationless decay



Intersystem crossings



Phosphorescence



Energy transfer



Rate constants



Quantum yields



Reciprocity


Flourescence Issuses:

Excitation emission matrices


Solvent Effects

Fluorescence quenching

Time resolved fluorescence spectroscopy - time/frequency domain

Multi-photon excitation of fluorescence


Scattering



Classical




Rayleigh




Mie





Effect of particle size, wavelength



Index of refraction variations



anomalous dispersion


Raman Spectroscopy



Resonance

Surface Enhanced

IR absorption Spectroscopy

Reflection/Transmission Spectroscopy


Evanescent Wave Spectroscopy


Pulsed Photothermal Radiometry


Classification Techniques 

Bayesian

Chemometrics

III.  Models for the propagation of light in turbid media



Beers law



Kubelca-Munk



Adding-Doubling Method



Diffusion



7-Flux



Time-resolved models and methods



Frequency domain models and methods



Monte Carlo



Electro-magnetic vector formulation

IV.  Optical Imaging

Microscopy


Light


Phase contrast


Fluorescence



2 photon


Redox Imaging


Confocal

Diffuse Light 


Time-domain


Frequency-domain

Spectral imaging

Optical Coherence Tomography

Coherent properties of light 

Optical Interferometry 


Doppler


Polarization-sensitive


Spectroscopic

Photoacoustics imaging 

Optical excitation of acoustic waves 

Detection of acoustic waves 

Photoacoustic imaging techniques 

Photothermal tomography 

The source-detection matrix 

The photothermal tomographic imaging equation 

Solving the tomographic imaging problem 

V.  Optical heating of materials


Bioheat equation



Source term: absorption

Sink terms:

conduction

convection

radiation

vaporization

perfusion

boundary conditions

tissue thermal properties


Solutions of heat conduction equation


Analytic solutions

instantaneous point source, slab, layered tissue



Finite difference



Finite Element


Thermodynamics of denaturation



Rate Process Analysis

Arrehius intergral


Heat Shock Proteins


Non-Fourier heat conduction


Hyperthermia

Welding


Selective Photothermolysis

VI.  Laser Cutting of tissue

Thermal ablation

Continuous Wave

Temperature response

Models for steady state ablation



Pulsed


Delivery of laser light


Ablation as function of wavelength and pulse duration


Dynamics of ablation



Temperature



Pressure


Models




UV laser ablation



Mechanisms



Models


Plasma ablation

Photodisruption


Dynamics of tissue properties (optical, thermal)

VII.  Photosentisization



PUVA



Hyperbilirubinemia



Photoimmunology 

Photodynamic therapy



VIII.  Optical fibers and catheter design

fiberoptic and waveguide principles

diffuse tip fibers

on-axis and side emitting fibers

catheter design considerations and constraints

IX.  Optical trapping / micromanipulation of cells

X.  Safety and hazard considerations

optical hazards

operator / personnel safety

fire hazards

patient safety

