
Physics 385/386-JK/PCT Light Scattering                                

 

Purpose:  To use laser light scattering to measure the size of colloidal particles in an aqueous 

solution. To understand the regimes of Rayleigh (small particles) and Mie (large particles) 

scattering and models of the relevant structure factors. 

 

References:  
Instruction Manual for the Light Scattering Apparatus 

Johnson, CS, Gabriel DA, Laser Light Scatering 

Van de Hulst, HC, Light Scattering by Small Particles 

Griffiths, Introduction to Electrodynamics (or your text in E&M) 

 

Theory: 
 Light scattering techniques are most commonly used for determining properties of small 

particles in solution: their concentration, distribution of sizes, shapes, and orientation.  Practical 

applications are found in a variety of industries: in biotechnology for the study of protein-protein 

interactions, stoichiometry of protein-protein complexes, and protein aggregation phenomena; in 

pharmaceuticals for study of protein-ligand interactions and binding, characterization of 

pre-crystallization parameters in macromolecular crystal growth prior to x-ray structure 

determination; in petrochemicals for study of the molecular weights, sizes and branching 

properties of olefins, synthetic rubber, polyethylene, and synthetic lubricants, in colloidal 

chemistry; and in other industries. 

 In this lab, we will focus a 25mW HeNe laser onto a colloidal suspension of small latex 

spheres in water and measure the scattered intensity as a function of angle. We shall analyze the 

scattered intensity in 3 different regimes: 1) small particles (Rayleigh), 2) intermediate size 

particles (Rayleigh-Gans), and 3) large particles (Mie).  In each regime, our detector will be far 

from the sample,     (far field). 

 

Part 1 (Rayleigh regime, small particles) 
 Refresh on some well-known ideas from your class on electromagnetic radiation theory.  

An oscillating dipole radiates in all directions, but there is an angle (and frequency) dependence.  

One observes no radiation when viewing the dipole along the axis of oscillation and maximum 

radiation when viewing perpendicular to the oscillation axis.  The time averaged intensity of the 

scattered wave (normalized to the incident wave) is given by 
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This is the famous inverse fourth power dependence on λ formulated by Lord Rayleigh (which 

accounts for the blue color of the sky).  Here, α is the (isotropic) polarizability of the spheres, r is 

the distance of the detector from the sample, and χ is the angle of observation between the 

detector’s line of sight and the direction of laser polarization (direction of dipole oscillation).  

Prepare an aqueous suspension of latex spheres whose diameter a is small compared to the laser 

wavelength,     . Confirm that the intensity stays constant as a function of angle when the 

incident laser polarization is perpendicular to the scattering plane, and that the intensity follows the 

      dependence when the incident laser polarization is in the scattering plane.  Rotate the laser 

polarization axis by a set of polarizing filters (DO NOT rotate the laser). 

 



Part 2 (Rayleigh-Gans regime, intermediate size particles) 

 When the size of the scattering particle increases to about a dimension of λ/10, the path 

differences of light within the particle will produce significant phase differences and the 

interference in the scattered light becomes important.  In this regime, we also assume that the 

refractive indexes of the particle and solvent are only slightly different     , such that the 

condition on the size of the particles          holds.  In the lecture, we worked out how these 

path differences vary when observing the spheres at various angles.  The result here is given in 

terms of the amplitude S(θ) (for perpendicular polarization). 

 

Let a be the radius and define substitutions:     ,        (   ), k is the wave vector . 

The solution for the amplitude is given as: 
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and the intensity goes as 
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Prepare a colloidal solution of particles that satisfy the Rayleigh-Gans (also known as 

Rayleigh-Debye) condition and verify that the intensity follows this structure factor as a function 

of angle. 

 

Part 3 (very large spheres) 

For particles whose size is very large compared to the wavelength,    , the amplitudes can be 

worked out analytically to 
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again with intensity given by 
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and     . 

 

Prepare a colloidal solution of large spheres and confirm that the observed intensity as a function 

of angle follows the intensity (for perpendicular polarization). 

 

Include careful sketches of the experimental geometry, and be sure to label all angles in every part.  

Outline the calculation for the intensity either in part 2 or part 3.  Describe the experimental 

procedure.  Discuss the agreement between the observed intensity and the intensity given by your 

models.  Comment on the validity of the various assumptions. 

 

  



Appendix: (Mie regime, spheres of arbitrary size) 

If the models for the various regimes do not work for your sample; i.e., the assumptions do not 

hold up, you could use the general solutions given by Mie in numerical form and written out below 

explicitly.  However, you may use MiePlot (freeware script implementing these solutions, 

contributed by Philip Laven) to compare your measured intensity to the model. 

 

The amplitudes for scattering from a sphere of arbitrary size are obtained numerically: 
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where the π and τ functions involve the associated Legendre polynomials: 
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The constants an and bn are determined by applying the boundary conditions.  The scattered 

intensities are then computed as follows  

for perpendicular polarization: 
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for parallel polarization: 

   
|  ( )|

 

    
   

where k is the wave number. 

 

 

 

 

  

 


