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Have you seen any light   
                                   scattering phenomena daily ? 

Source:  myskymom.com 



Aerosol and Climate Change 

•  Aerosol: suspended par3cles in atmosphere 

•  Size: typical range 0.01~100um 
•  Source: nature (90%) and human ac3vi3es (10%) 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Source:  nasa.org 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Aerosol and Climate Change 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Source:  sciencedaily.com 

•  Aerosol can absorb or sca*er sun light,  
   warming effect and cooling effect 

•  The uncertainty  of aerosol makes the total   
   es3mate  so large 

•  Aerosol is the key to climate change 

Introduc3on 



Interac3on between light and par3cle 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•   Elas&c sca(ering 
 The wavelength of the sca*ering is 
the same as that of the incident 
light   

•   Inelas&c sca(ering   
The emi*ed light has a wavelength 
different from that of the incident 
light 

Reflec3on λ0  

Incident light λ0  

Raman λR  

Fluorescence λF  

Refrac3on λ0  

Thermal 
emission λj  

Par3cle 

Sca*ering  λ0  

Absorp3on  

For the interac3on of solar radia3on with atmospheric aerosols, 
elas3c light sca*ering is the process of interest.  

Introduc3on 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Elas3c Light Sca*ering 

•  Rayleigh Sca*ering  
– Spherical, small, non‐absorbing,. 

•  Mie Sca*ering 
– Spherical, absorbing/non‐absorbing, no size 
bound. 

Lord Rayleigh  Gustav Mie 
Source: Nobelprize.org 

Introduc3on 



Light Sca*ering 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•  Redirec3on of EM wave when encounters an obstacle or non‐
homogeneity (Sca*ering Aerosol). 

•  It is NOT a simple bounce of Photon. 
Hahn, D. W. et al 

Introduc3on 



Light Sca*ering 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Three parameters that govern the sca*ering: 

1.  Wavelength λ of incident light 
2.  Size of the par3cle, size parameter 

3.  the par3cle op3cal property rela3ve to the surrounding     
      medium, refrac0ve index 

Criteria for Rayleigh Regime  x<<1, or |m| x<<1 

Introduc3on 



Rayleigh Theory 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Theory 

    Assump&on: par3cle is small compared to the wavelength so that the electric 
field inside the par3cle due to EM wave is uniform.  

Source: wikimedia 

A uniform electric filed in side the par3cle  

Hi 

Ei 

Coordinate geometry for Rayleigh and Mie sca*ering, 

Source: ipac.caltech.edu 

   Rayleigh theory describes the sca*ering of electromagne3c radia3on by 
small spherical par3cles based on the  dipole moment �
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Rayleigh Theory 

p: dipole moment                a:par3cle radius 
E0: incident electric field     ε:electric constant  

Source: M Kerker 

  Incident oscilla3on electric filed: 
induced oscilla3on dipole moment 

  Accelera3ng charges can emit radiate the 
oscilla3on dipoles will radiate at the same 
frequency as the applied field in all the 
direc3on 

Blue sky 

Theory 



Blue sky & Red Sunsets 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•  Day3me sky looks blue on a clear day 
•  The sky looks red at sunrise and sun set 

Blue  light is sca*ered more efficiently than red  

Why? 

h*p://www.forbrf.lth.se/ 

Applica3on 



Mie sca*ering �
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Mie theory describes the sca*ering and absorp3on of electromagne3c radia3on by 
spherical par3cles through solving the Maxwell equa3ons �

  Key Assump*ons �

i) Par3cle is a sphere; 
ii) Par3cle is homogeneous (therefore it is characterized by a single refrac&ve index 
m=n ‐ ik at a given wavelength);�



Solu3on of Mie sca*ering 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Intensi3es of sca*ering radia3on  Cross sec3ons 

Fortunately, there are some people who enjoy solving these equa3ons and 
sepng up computer programs to calculate the results. 

  Overview of Mie sca(ering solu&on for spheres: 

•  Begin with Maxwell’s equa3ons  
•  Derive a wave equa3on in spherical polar coordinates 

•  Provide boundary condi3ons at surface of a sphere 

•  Solve the par3al differen3al wave equa3on for dependence on r, θ, φ. 



Mie Sca*ering Code 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Year Name Authors Language Short description  

1983 BHMIE Craig F. 
Bohren Matlab, Fortran Mie solution by a homogeneous 

sphere 

2002 MiePlot Philip Laven VB Solution for a number of 
wavelength 

2003 Mie single Gareth Thomas IDL 
Solution for both single and 
populations of particle with 

log-normal PSD 

Code for Mie sca(ering by a single sphere  

Year Name Authors Language Short description  

1993 IFCS Thomas Kaiser Fortran Compute the scattered filed of 
sphere with 1 to 2 coatings 

2004 M.Jonasz Fortran Compute parameters of single 
coated sphere  

2003 L. Liu C Light scattering by a coated 
sphere 

Codes for electromagne&c sca(ering by a layered sphere 

Source: Wikipedia.org 



Calculate op3cal parameters 

PHY 4422  Light sca*ering with Par3cles  15 

Par3cle size  
Refrac3ve index, m (λ) 

For a single spherical par3cle, the Mie theory gives the ex3nc3on , sca*ering 
and absorp3on cross‐sec3ons, the sca*ering amplitudes and phase matrix. 

Mie theory  

Sca*ering cross sec3on, σs 
  Absorp3on cross sec3on, σa 
Ex3nc3on cross sec3on, σe 

(as a func3on of a par3cle size and wavelength) 

Sca*ering coefficient, σs 
Absorp3on coefficient, σa 
Ex3nc3on coefficient, σe 

(as a func3on of a par3cle size and wavelength) 

Mie theory  



Mie sca*ering �
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Ex3nc3on efficiency vs size parameter (no absorp3on): 
1) Small in Rayleigh limit Qext  x ∝ x4 

2) Largest Qext when par3cle and wavelength have similar size. 
3) Qext  2 in geometric limit (x  ∞). 
4) Oscilla3ons from interference of transmi*ed and diffracted waves. 
5) Period in x of interference oscilla3ons depends on the refrac3ve index. 
Absorp3on reduces interference oscilla3ons and kills ripple structure. 

Some highlights of Mie sca(ering results:�



Apply Mie Sca*ering to aerosol study�
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UV/Vis 
Light 

Filter Filter 

Detector 

UV‐lamp 

GC‐FID 

SMPS 

Temp 
RH 

Par3cles 

2) UV/Vis spectrometer 

1) Teflon Chamber 

3) Nephelometer 

1. Chamber experiment  par3cle size, concentra3on   
2. UV/Vis absorp3on coefficient,  
3. Nephelometer  ex3c3on coefficient, 3 wave length 
4. Input the above data into Mie sca*ering code and  
    find out the refrac3ve index (m) 
5. Compare the computed (m) to the measured m 
   m can be measured by the electron energy‐loss    
   spectroscopy using TEM equipped with a Gatan TriDiem  
   spectrometer (Duncan T. L. Alexander, et al. Science 321, 833,2008 ) 

Applica3on 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Thank you ! 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What can the code do 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Interac&ve Mie Sca(ering Calculator at  h*p://omlc.ogi.edu/calc/mie_calc.html 


