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A recent paper of McLaughlin and Rushton (1973) 
presented an analysis of light transmission through a 
dense dispersion of spherical particles when only the un- 
scattered light is received by the detector. They numer- 
ically generated samples from various drop size dis- 
tributions and, using a relation for the probability of a 
light ray (in a parallel beam) not striking any of the 
drops, found that the total light transmission is a unique 
exponential function of the group al, where a is the inter- 
facial area per unit volume, and 2 is the path length 
through the dispersion. They confirmed this numerically 
for four different drop size distributions. I t  may be 
shown that this result is theoretically exact for all drop 
size distributions, subject to certain idealizations. Actu- 
ally, Calderbank (1958) showed this, in a rather elegant 
fashion, but used a distribution-free argument that ob- 
scured the fact that the result is independent of a drop 
size distribution. The Calderbank equation is equal to 
that obtained by McLaughlin and Rushton. The follow- 
ing derivation simplifies but generalizes the analyses of 
Otvos et al. (1957) and Gumprecht and Sliepcevich 
( 1953a, 1953b). 

Assuming, as did McLaughlin and Rushton, a beam of 
parallel rays, and that scattered light (diffracted or re- 
fracted) is not received by the detector, the effective 
scattering cross section of a single drop of radius r is 

&r2 (1) 
where K, is the total-scattering coefficient. If the path 
length is 2, the number of particles per unit volume is n, 
and their probability density distribution of radius r is 
p ( r ) ,  the average number of drops that lie along any 
particular path is 

(2)  

Since 4nr2Np(r)dr is just the interfacial area per unit 
volume contributed by drops having radii between r and 
r + dr,  if K ,  is a constant (an acceptable assumption for 
large drops when also K, = 1), this becomes 

We now assume that the drops occur randomly and 
independently on a light path. The number present is 
then Poisson distributed (this assumes no interference 
between drops, as did McLaughlin and Rushton), or 

The probability of light transmission on a path, and 
therefore in a beam, is the probability that q = 0, or 
exp ( -  q ) .  Combining this and Equation (3 ) ,  and let- 
ting K ,  = 1, we obtain for the light attenuation 

f = e x p  (-qd) 1 
( 5 )  

Defining NT as a1/6, as did McLaughlin and Rushton, the 
group in the exponential in Equation (5) is just 1 . 5 N ~ ,  
which was found numerically by them. 

NOTATION 

= interfacial area per unit volume of dispersion 
= ratio of received to incident light intensity, or 

the probability of light not being scattered from 
a path 

= total scattering coefficient 
= length of light path through dispersion 
= number of drops per unit volume of dispersion 
= transmission number of McLaughlin and Rushton 
= probability density distribution of drop radius 
= probability of there being q drops on a light 

= number of drops on a light path 
= average number of drops on a light path 
= drop radius 

path 
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