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1. The Derivation of Scattering Volume 

The scattering volume varies with the detection direction of the scattering light: it is smallest at 90° 

and becomes larger when approaching forward 0° or backward 180°. This is a complex process. Here, 

we illustrate the calculation method of the scattering volume based on the design of the optical and 

mechanical structures. In Figures 1 and 2, rs is the distance from the center of the scattering volume to 

the light source, rd is the distance from the scattering receiver to the center of the scattering volume, θ 

is angle of half field-of view (FOV) of the scattering receiver, D is the diameter of the light source 

aperture, and ψ is the scattering angle. Because the beam divergence is less than 0.02 mrad, rs and rd 

are 25 cm, so the divergence of the light source at the distance of rs can be overlooked and thought of 

as an even-diameter cylindrical light in the light travel range. The light source distribution is 

homogeneous, and the receiving FOV at each point of the scattering receiver is equal. In addition, the 

diameter of the light source is less than the diameter of each scattering receiver. Based on single 

scattering approximation, the relationship between the scattering volume (including V(90°) and V(ψ)) 

and the optical and geometrical structures of the instrument can be deducted and computed. 

In Figure 2, the scattering volume can be approximated as a frustum of ellipsoid shape, and the top 

area of it is S1, bottom area of it is S2, and the height of it is h. In Figure 2, r1 is the distance between 

O and E, r2 is the distance between O and F, D1a is the distance between D and F, D1b is the distance 

between F and C, D2a is the distance between A and E, D2b is the distance between E and B, θ is 

angle of half field-of view, ψ is scattering angle, R1 is long axis of top ellipse (S1), R2 is long axis of 

bottom ellipse (S2), rd is the distance between O and G. 
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Figure 1. Optical structure of the measuring instrument (light source and detector). 

 

Figure 2. Scattering volume change with scattering angle. 

 

 

From Figure 2, because the diameter of the light source is less than the diameter of each scattering 

receiver, the short axis of S1 and S2 are D/2, and h = D. 

The scattering volume calculated in two cases: 

A: V(90°) scattering angle ψ = 90° 

2
1

D
rr

d
  

2
2

D
rr

d
  

tgrR 11   

tgrR 22   



Sensors 2012, 12  

 

3 

The volume of the frustum of the ellipsoid shape is 
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B: V(ψ) scattering angle ψ<>90° (i.e., 180° > ψ > 90° or 0° < ψ <90°) 
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R1 and R2 can be calculated from D1a, D1b, D2a, D2b: 
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