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Basic Radiative Transfer
Intensity
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Basic Radiative Transfer
Mean Intensity
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Plane parallel approximation



Basic Radiative Transfer
Flux
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Axial Symmetry



Basic Radiative Transfer
Flux
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Energy Density



Basic Radiative Transfer
Pressure
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Moments of Intensity



Basic Radiative Transfer
Emission
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Extinction



Basic Radiative Transfer
Source function
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Transport Equation
Transport along a ray

9

Optical length and thickness



Transport Equation
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Optical length and thickness



Transport Equation
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Homogeneous medium



Transport Equation
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Homogeneous medium



Transport Equation
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Homogeneous medium



Transport Equation
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Homogeneous medium



Transport Equation
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Transport through an atmosphere

Optical depth



Transport Equation
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Plane-parallel transport equation

Formal Solution



Transport Equation
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Eddington-Barbier approximation



Transport Equation
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Eddington-Barbier approximation



Transport Equation
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Eddington-Barbier approximation



Transport Equation
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Eddington-Barbier approximation



Transport Equation
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Eddington-Barbier approximation



Line Transitions
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Bound - bound transitions

• Radiative excitation


• Spontaneous radiative deexcitation 


• Induced radiative deexcitation


• Collisional excitation


• Collisional deexcitation



Line Transitions
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Einstein coefficients
Spontaneous deexcitation



Line Transitions
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Einstein coefficients
Radiative excitation



Line Transitions
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Einstein coefficients
Induced deexcitation

Collisional excitation and deexcitation



Line Transitions
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Einstein coefficients
Einstein relations



Line Transitions
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Volume coefficients
Extinction



Line Transitions
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Volume coefficients
Emission

Source function



Continuum Transitions
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Inelastic Processes
Bound-free transitions: Kramer’s formula 



Continuum Transitions
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Inelastic Processes
Free-free transitions

Wien limit

Rayleigh-Jeans limit



Continuum Transitions
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Elastic Processes
Thomson scattering

Rayleigh scattering



Local Thermodynamic Equilibrium
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Matter in LTE
Maxwell distribution



Local Thermodynamic Equilibrium
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Matter in LTE
Boltzmann distribution

Saha distribution



Local Thermodynamic Equilibrium
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Matter in LTE

Saha-Boltzmann distribution



Local Thermodynamic Equilibrium
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Radiation in LTE

Planck function

Wien and Rayleigh-Jeans approximations



Local Thermodynamic Equilibrium
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Radiation in LTE

Stefan-Boltzmann law

Induced emission

Line extinction



Non-local Thermodynamic Equilibrium
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Statistical equilibrium

Rate equations

Transport equations



Non-local Thermodynamic Equilibrium
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NLTE descriptions

Departure coefficients

Bound-bound source function



Non-local Thermodynamic Equilibrium
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NLTE descriptions
Bound-bound extinction



Non-local Thermodynamic Equilibrium
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NLTE descriptions
Bound-bound extinction



Non-local Thermodynamic Equilibrium
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NLTE descriptions
Laser regime



Non-local Thermodynamic Equilibrium
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NLTE descriptions

Bund-free emission

Bound-free source function

Bound-free extinction



Non-local Thermodynamic Equilibrium
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NLTE descriptions
Free-free source function, extinction and emission



Non-local Thermodynamic Equilibrium

44

NLTE descriptions
Formal temperatures

Excitation temperature

Ionisation temperature



Non-local Thermodynamic Equilibrium
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NLTE descriptions
Formal temperatures

Radiation temperature

Brightness temperature

Effective temperature



Non-local Thermodynamic Equilibrium

46

Coherent scattering
Two-levels atoms

• Photon scattering


• Photon creation 


• Photon destruction
Coherently scattering medium

Destruction probability



Non-local Thermodynamic Equilibrium
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Coherent scattering
Effective path, thickens, depth



Non-local Thermodynamic Equilibrium
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Coherent scattering
Source function



Non-local Thermodynamic Equilibrium
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Coherent scattering
Transport equation
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Introduction to Stellar Atmospheres
What is a Stellar Atmosphere?
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• It is a transition region from the stellar interior to the interstellar 
medium.



Introduction to Stellar Atmospheres
Stellar photosphere
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Surface gravity



Introduction to Stellar Atmospheres
Spectral types
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Introduction to Stellar Atmospheres
Luminosity classification
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Introduction to Stellar Atmospheres
Spectral classification
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Introduction to Stellar Atmospheres
Magnitudes and color indices
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Introduction to Stellar Atmospheres
Magnitudes and color indices
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Introduction to Stellar Atmospheres
The Hertzsprung-Russell diagram
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Plane-parallel Radiative Transfer
Formal Solutions
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General Transport Equation

Spherical geometry

Plane-parallel geometry



Plane-parallel Radiative Transfer
Formal Solutions
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Exponential integrals



Plane-parallel Radiative Transfer
Formal Solutions
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Exponential integrals



Plane-parallel Radiative Transfer
Formal Solutions
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Exponential integrals



Plane-parallel Radiative Transfer
Formal Solutions
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Schwarzschild-Milne equations



Plane-parallel Radiative Transfer
Formal Solutions
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Schwarzschild-Milne equations

Surface values



Plane-parallel Radiative Transfer
Formal Solutions
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Schwarzschild-Milne equations



Plane-parallel Radiative Transfer
Formal Solutions
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Schwarzschild-Milne equations



Plane-parallel Radiative Transfer
Formal Solutions
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Schwarzschild-Milne equations



Plane-parallel Radiative Transfer
Formal Solutions
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Operators

Laplace transform

Classical Lambda operator



Plane-parallel Radiative Transfer
Formal Solutions
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Operators

Classical Lambda operator

Phi and Chi operator



Plane-parallel Radiative Transfer
Formal Solutions
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Classical Lambda operator



Plane-parallel Radiative Transfer
Formal Solutions
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Classical Lambda operator



Plane-parallel Radiative Transfer
Formal Solutions
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Classical Lambda operator



Plane-parallel Radiative Transfer
Formal Solutions
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Classical Lambda operator



Plane-parallel Radiative Transfer
Formal Solutions
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Classical Lambda operator



Plane-parallel Radiative Transfer
Formal Solutions
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Generalised Lambda operators



Plane-parallel Radiative Transfer
Approximate solutions
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Approximations at the surface

Eddington-Barbier approximations



Plane-parallel Radiative Transfer
Approximate solutions
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Approximations at the surface

Eddington-Barbier approximations



Plane-parallel Radiative Transfer
Approximate solutions
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Approximations at the surface

Second Eddington approximations



Plane-parallel Radiative Transfer
Approximate solutions
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Approximations at large depth

Taylor expansion



Plane-parallel Radiative Transfer
Approximate solutions
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Approximations at large depth

Taylor expansion



Plane-parallel Radiative Transfer
Approximate solutions
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Approximations at large depth

Taylor expansion



Plane-parallel Radiative Transfer
Approximate solutions
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Approximations at large depth

Taylor expansion

Large depth



Plane-parallel Radiative Transfer
Approximate solutions
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Approximations at large depth

Convergence



Plane-parallel Radiative Transfer
Approximate solutions
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Approximations at large depth



Plane-parallel Radiative Transfer
Approximate solutions
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Approximations at large depth

Diffusion approximation



Plane-parallel Radiative Transfer
Approximate solutions
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Approximations at large depth

Rosseland mean extinction



Plane-parallel Radiative Transfer
Approximate solutions
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Approximations at large depth

Total radiative energy diffusion



Plane-parallel Radiative Transfer
Approximate solutions
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Approximations at large depth

The Eddington approximation



Plane-parallel Radiative Transfer
Approximate solutions
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Approximations at large depth

The Eddington approximation



Plane-parallel Radiative Transfer
Approximate solutions
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Approximations at large depth

Second order transport equation



Atmospheres of Plane-parallel Stars
Classical modelling
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Assumption

• The atmosphere is spherically symmetric.


• Element mixture homogenous with depth.


• Hydrostatic equilibrium.


• Statistical equilibrium / time independence.


• Atmosphere’s mass small relative to stellar.


• No sources or sinks of energy.


• Energy transport is radiative and convective. 


• Maxwellian distribution for free particles.



Atmospheres of Plane-parallel Stars
Classical modelling
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Model parameters

• Stellar Luminosity


• Stellar Radius


• Element mixture


• Microturbulence

• Effective temperature


• Surface gravity



Atmospheres of Plane-parallel Stars
Pressure stratification
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Gas law



Atmospheres of Plane-parallel Stars
Pressure stratification
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Particle densities

Chemical composition



Atmospheres of Plane-parallel Stars
Pressure stratification
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Particle densities

Electron donors



Atmospheres of Plane-parallel Stars
Pressure stratification
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Particle densities

Electron donors



Atmospheres of Plane-parallel Stars
Pressure stratification
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Particle densities

Electron and gas pressure



Atmospheres of Plane-parallel Stars
Pressure stratification

49

Hydrostatic equilibrium

Model completion



Atmospheres of Plane-parallel Stars
Pressure stratification
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Plane-parallel layers

Solar limb



Atmospheres of Plane-parallel Stars
Temperature stratification
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Empirical models



Atmospheres of Plane-parallel Stars
Temperature stratification
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Center-limb variation



Atmospheres of Plane-parallel Stars
Temperature stratification
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Center-limb variation



Atmospheres of Plane-parallel Stars
Temperature stratification
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Center-limb variation



Atmospheres of Plane-parallel Stars
Temperature stratification
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Flux constancy

Radiative equilibrium



Atmospheres of Plane-parallel Stars
Temperature stratification
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Radiative equilibrium

Strömgren equation

Total radiative flux divergence



Atmospheres of Plane-parallel Stars
Temperature stratification
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Line cooling

Wien limit



Atmospheres of Plane-parallel Stars
Temperature stratification
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Continuum cooling

Wien limit



Atmospheres of Plane-parallel Stars
The grey approximation
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Atmospheres of Plane-parallel Stars
The grey approximation
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Grey RE source function



Atmospheres of Plane-parallel Stars
The grey approximation
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Grey RE temperature stratification



Atmospheres of Plane-parallel Stars
The grey approximation
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Grey RE scattering



Atmospheres of Plane-parallel Stars
The grey approximation
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Grey RE limb darkening



Atmospheres of Plane-parallel Stars
The grey approximation
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Grey extinction and mean extinction



Atmospheres of Plane-parallel Stars
The grey approximation
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Flux-weighted mean and Rosseland mean



Atmospheres of Plane-parallel Stars
Line blanketing
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Backwarming



Atmospheres of Plane-parallel Stars
Line blanketing
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Surface effects

Strong LTE lines



Atmospheres of Plane-parallel Stars
Line blanketing
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Strong scattering lines

Scattering continua



Atmospheres of Plane-parallel Stars
Line blanketing
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Continua from Plane-parallel Stars
Solar continua
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Continua from Plane-parallel Stars
Solar continua
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Continuous extinction

• Free-free transitions.


• Bound-free transitions.


• Cyclotron radiation, synchrotron radiation, plasma radiation.


• Thomson scattering.


• Rayleigh scattering.


• Line haze.
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Solar continua
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Stellar continua

O Star
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Stellar continua

K8 Star



Continua from Plane-parallel Stars
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Continua from Plane-parallel Stars
Stellar continua
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Hydrogen and helium edges

Balmer jump

F, G

F

O, B



Lines from Plane-parallel Stars
Classical abundance determinations
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Abundance



Lines from Plane-parallel Stars
Classical abundance determinations
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Curve of growth methods

Equivalent width

Schuster-Schwarzschild atmosphere



Lines from Plane-parallel Stars
Classical abundance determinations
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Curve of growth methods

Schuster-Schwarzschild atmosphere



Lines from Plane-parallel Stars
Classical abundance determinations
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Curve of growth methods

Schuster-Schwarzschild atmosphere



Lines from Plane-parallel Stars
Classical abundance determinations
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Curve of growth methods

Weak lines

Saturated lines



Lines from Plane-parallel Stars
Classical abundance determinations
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Curve of growth methods

Strong lines



Lines from Plane-parallel Stars
Classical abundance determinations
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Curve of growth methods

Milne-Eddington atmosphere



Lines from Plane-parallel Stars
Classical abundance determinations
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Curve of growth methods

Milne-Eddington atmosphere


